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CD Stiale Oil venture
2372 G Rood- P.O. Box 2687

j Grond Junclion, Colorqdo 81501
' (303)242-8463

' lZ.O

ccldenlal Oil Shale ,lnc.

Operolor

Ashlond Colorodo Inc

RECEIVED

April 18, 1977

APR 18 1977

OFFICE OF
AREA OIL SHALE SUPERVISOR

U.S. G.S.

Mr. Peter A. Rutledge
Area Oil Shale Supervisor
Mesa Federal Savings Building
131 North Sixth Street, Suite 300
Grand Junction, Colorado 81501

Dear Mr. Rutledge:

In response to your request, I am sending a breakdown of

manpower by skill for the C-b development. These numbers
represent the permanent work force.

Very truly yours

,

C-b/SHALE OIL VENTURE

R. E. Thomason
Manager, Leasehold Development

RET:rp

enc.

cc: R. A. Loucks
R. J. Fernandes
J. J. Hill

TET-/3





MINING OPERATION

Production Staff

Technical Staff

Maintenance Staff

Direct Mine Labor

C-b SHALE OIL VENTURE

Manpower

RECEIVED

APR 18 1977

OFFICE OF
AREA OIL SHALE SUPERVISOR

U.S. G.S.
Number

Classification Requi red

Mine Superintendent 1

Assistant Mine Superintendent 1

General Mine Foreman 1

Shift Foreman 16

Chief Clerk
.

1

Mine Clerk 2

Mine Warehouseman s . 1

Warehouse Clerk -
• . 8

Conveyor Foreman (Surface) - 4

Conveyor Foreman (Underground) .; 4

Chief Mine Engineer 1

Mi ne Engi neer . . 3

Rock Mechanics Engineer 1

Assistant Engineer 8

Ventilation and Safety Engineer 1 •

Assistant Ventilation and

Safety Engineer 4

Chief Surveyor •

. 1

Mine Surveyor .

• -8
Surveyor Helper . 8

Chief Geologist • 1

Geologist '
- 2

Draftsman, Mine ... 2

Draftsman, Geology 1

Engineering Clerk 2

Maintenance Superintendent . 1

Mechanic Foreman 8 •

Electrical Foreman .4
Maintenance Clerk 4

Driller 132

Driller -Helper 132 -

LHD Operator^ .24
Powderman ^ 32

Powderman Helper 32.

Powderman (Cap) •

' • 32

Powderman (Cap) Helper '. 32

Hoistman '•
'8 '•.

Skip Tender : 4

Crusher/Feeder Operator 20
Conveyor Operator (Surface) 8

Conveyor- Operator (Underground) 8

Dozer Operator (Surface) 12





Page 2 C-b SHALE OIL VENTURE

•

\

MINING OPERATION (Con't.)

Utility Mine Labor

Maintenance Labor

Manpower

Number
Classification • • Required

Rockbol ter/Scaler Operator • 28 .

Rockbol ter/Scal er Helper .
• .28

Fuel Truck Driver 4

Fuel Truck Hel per . 4 . . .

Lube Truck Driver . '4
.

Utility Truck Driver 48

Dozer Operator (Barricade) 4

Motor Grader Operator \ -. 8

Mine Labor 100

Conveyor Patrol (Surface) 24 •

Conveyor Patrol (Underground) 40

Toplander 8

Cage Tender 4

Janitor (Dry) 4

Hoist Oiler 8

Drill Doctor -16
Mine Mechanic 32

Mechanics Helper 32

Mine Electrician 32

Electrician Helper- 32

Lampman (Dry) \ .. 4

TOTAL 1,039

PROCESS OPERATORS

/

Operations Superintendent
Assistant Superintendent
Chief Supervisor (Underground)
Chief Supervisor (Surface)
Shift Supervisor (Underground)
Shift Supervisor (Surface) •

'

Operations Engineer
Area Engineer
Safety Supervisor
Laboratory Supervisor
Chemist •

Laboratory Technician
Chief Clerk
Assistant-Clerk
Secretarial /Clerical
Lead Operator
Operator
Construction/Startup Operator

TOTAL

1

1

1

1

4

. 4

2

• 6

1

1

1

8

1

1

10

36
72

6 7





Page 3 C-b SHALE OIL VENTURE

Manpower

MAINTENANCE AND UTILITIES

Classification

Machinist
Electrician
Pipe Fitter
Mechanics - Auto
Sheet Metal
Instrument Tech.
Welder
Tool Crib
Laborers
Mobile Equipment
Bus Driver
Area Maint. Mech.
Boiler Plant Oper.

Warehouseman

Number
Required

6 •

• 20 .

12

.15 •

15 •

14

20

8

20 -

10

45 '

70
'•. 4

. 12

Foremen Machine Shop
El ectrical
Pipe Fitter
Instrument .

Welder
Area Maintenance
Warehouse

Ass't. Foremen Machine Shop
Electrical
Pipe Fi tter
Instrument .-

•

Welder
Area Maintenance
Warehouse

Other Security Chief
Guards
Instrument Supt.

Instrument Eng.

Clerks

1

.24

1

2

10

GENERAL ADMINISTRATION AND SUPPORT

TOTAL 327

16

TOTAL 16

TOTAL MANPOWER 1 ,600









MINING PLAN
for

ANCILLARY DEVELOPMENT

Presented by

C-b SHALE OIL VENTURE

ASHLAND COLORADO, INC.

OCCIDENTAL OIL SHALE, INC.

OPERATOR

Job No. 5681-01

June 1977

The Ralph M. Parsons Company
Parsons-Jurden Division
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!372 GRoad-

>d Junction, Col

(303) 242

Mr. Peter A. Rutledge

Area Oil Shale Supervisor

U.S.G.S. Conservation Division

Mesa Federal Savings & Loan

131 N. 6th, Suite 300

Grand Junction, Colorado 81501

Dear Mr. Rutledge:

JUL 11 1577 :Vv j

rrTipr of ,-
:

. ....... .-. .-,.

Urj n- <r"M- S !JPEHV!SQR" i

u «-" - o ./--„ -;

. v -

... «*. '

•

•_ - .
.

- -

The "Mining Plan for Ancillary Development" submitted to you June 16, .1977 .-"V;-

omitted page numbers. Pages should be numbered starting with page 1 which £|
'-.'-' ?;':

'

begins "THIS COLLECTION OF OUTLINES ", and continues numbering through~\j*Z
43 for the last printed page. The Mining Plan as described in this document
presents: ..-..-

. ,
•

.

•

.

Description -of Facilities for Ancillary Development (p. 4) ;. . ;

Schedules for Development (pp. 5, 6, 7) .
•

' •

C-b Tract General Arrangement (p. 9)

Mine Support Facilities at Surface (p. 10)

Ancillary Process Facilities (p. 11)

Shaft Location (p. 12) , ,

Head Frame (p. 13)

* *^
v " .- "Vr. . . . .a. • t.

/ . - - '. • - - • . •-
. '

••
•

- .
*-••„•.' "

* • « * • - -

: ;
•

' .

-

'
-

I1CQU I I QHIC VH- >->J • . * •'.. >A ..." ;'
"

. Ventilation Escape Shaft General. Arrangement (p. 14) - - S'j-jS-*- ".

. Mine Level Development (pp. 15, 16, 17, 18) v • -
;

i ^-^^
. Ventilation Circuits During Development (pp. 22, 23, 24) \."

;
*-._:_-

v
-. .. Ventilation Circuits During Retorting - (pp.- 25, 26) -~ l ~-- V

In addition, four drawings were submitted separately under confidential .'agree-'

ment and provide supplemental descriptions of mine/retort development and

ventilation. .

-

- ^£

The following additional dialogue was requested
material presented and to reference the appropr
to the DDP to which they apply.

Description of Facilities for Ancillary De

Surface Facilities:

J :

r.





Mr. Peter A. Rutledge -2- 911

v. .
-

J

W .

'

. "V - .
•

;
• '

.

•'•'
.;•_.'.

General Arrangement (page 9). General facilities location on the

tract are presented taking into consideration relocations of shafts

and reorientation of mine layout that considers the joint set system £<
of the geologic formation. Relocation of the], Temporary Gas Shaft -

\

also was in consideration of more efficient operation to fit future
and resource recovery. This sketch modifies MDDP Section -•..•-mining

III-D-2 and Figures 1-A, III-A, III-B and III-H

onceptual layout of'mine : - vMine Support Fa cil ities (page 10). The c<

support facilities is described locating: Utility Steam Generation"'-

Plant, Change House and Mine Office Building, Maintenance Shop, :
- •

Warehouse; as they relate to the main Production and Service Shafts.

This sketch provides additional information for MDDP Section III-D-2.-

-•.,-" ' -
- ••

Ancillary Process Facilities (page 11). Process facilities are

identified and located in relationship 'to the Ventilation Escape
Shaft and Temporary Gas Shaft. This sketch provides additional in-''-"

formation for MDDP Section III-D-2. .

"
'.

.

•

Shaft Location (page 12)

In general, shafts have been relocated to conform to the joint, set system ; _

of the formation and to improve future operations efficiency and resource •'.

recovery. The Temporary Gas Shaft has been relocated to approximately
200 feet southwest of the Ventilation Escape Shaft on the common centerline
(72° W of N). This information and sketch modifies MDDP Section II I-C-4, & •

III-D-2, -III-D-3. a, Figure III-A, III-B. ..-'.,:-. A
. m

•.

S haft Pi ll ar Dimensi ons are shown on page' 12 and described with 500'

radius for the Ventilation Escape Shaft and Temporary Gas Shaft complex,
and 1275' radius for the Production and Service Shaft complex. These

.dimensions reflect the ancillary criteria which may be later modified.

~ \^\rfoll owing ground stability data collected during early development.- . This

- TV
-is additional information provided for MDDP Section III-D-2.,'-

=r3V4
-

Shaft Size (page 4, 14)
..'. -, .-'i't •;.

- •

• V

Shaft sizes have been modified to reflect refinements in ventilation and>-'

equipment requirements. The Ventilation Escape Shaft completion diameter
has been increased to 15' and will be sunk by conventional means and. lined . .

with concrete. The Temporary Gas Shaft completion diameter has been'in- •,

creased to 10'. This -shaft will be drilled. This information and sketch :

modifies MDDP Section 1 1 I-C-4. b & c and III-D-2, III-D-3.a. _ V--^ ^&S '

•

.
•

.

.'y
. ~ .' •' *'-

-
"

- v « -

. Venti la tion Escape Shaft (page 14). The general arrangement is de-
scribed in horizontal cross section showing: loading pocket, venti-
lation ducts, cage, skip, manway, and services location. This sketch
provides additional information for MDDP Section 1 1 I-C-4. b and III-D-2..:

- % *§ . ••*. y'
_ - -• - -him

Mining la-si

I

6

Drift Size (page 4). Air level drifts are sized 30'" wide and 20' high.
Production level drifts are sized 30
additional information for MDDP Sec

30' high and 20' wide. .-This provides.'
:tion III-D-3.a.... .

^\.-' \ , .

"

« -

Mine Plan (page 4). The mine plan is presented in two primary concepts
TVFFR, HFFR) for retort void formation..

• •
.

r
, T <

.

•
- -

'
-

'.
'

.1





Mr. Peter A. Rutledge

*•

July 8, 1977

: >?

/

Mine Lev el Layout D evelopment : Each system (VFFR, HFFR) is described :

^pages 15, 16, 17, 18) and in four confidential sketches submitted
separately. These sketches provide additional information for^MDDP
Section 1 1 1-D-3. a. 1

.

• '';,
.

..

c
. \ i

Ventilation Circuits During Developmen t '(pages 22, 23, 24) .'. Sketches •

;,**-'

of five phases of shaft and mine development are presented with venti-'

lation circuitry noted by arrows. -These sketches provide additional
information for MDDP Section 1 1 1-D-3. a and replace Figure II1-C & D. :

. /-

Ventilation Circuits During Retorting (pages 25, 26) .. Ventilation ,"-

as it relates to the two retort development systems is described and

circuitry noted by arrows. In response to discussions held at the

MESA, CBM briefing held June .21 , 1977 a refinement will be made in

the upper air level connecting the stub drift shown to the drift lead-
ing to the main shaft area. Subsequent design and sketches will re-

flect this change. These sketches provide additional information for
MDDP Section III -D-3. a and replace Figure III-E,

-

Schedules for Ancillary Facility Development (pages 5 .65- 7) L •-:,.,',..

'•

J

These schedules present dynamic refinements and as a result some changes',;

to the original schedule presented in Figure 1-B of the MDDP. As a dynamic •

vehicle the development schedule will be continually revised to reflect a

current position. The schedules (pages 5, 6, 7) therefore replace that;

part of MDDP Figure 1-B to which they apply. r

-
"

.:

Very truly yours,

C-b SHALE OIL VENTURE
•-

R. E. Thomason
Manager, Leasehold Development

•*
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• ANCILLARY DEVELOPMENT - RETORT OPERATIO NS

\ PURPOSE

This facility will include two commercial sized retorts to be operated simultan-

eously, followed by four retorts operated as a cluster. These will permit the

verification of operational and design parameters, environmental monitoring, pro-

cedures, and provide operating experience and training of processing personnel.

This facility will be incorporated into the full scale operation once the main

shafts and other full scale plant units become available.

DESCRIPTION OF IN-SITU RETORTING

In the Modified In-Situ Process retorts are created by mining out only enough
shale to provide a void fraction for rubblizing the remaining shale to provide
permeability for gas flow during operation.

The processing of the retorts consists of the following steps:

STEP 1

The retort is kindled or "lit-off" at the top using externally fueled burners,
which are lowered down from the air level to the top of the rubble pile.

STEP 2

When the temperature at the top is sufficient to sustain the retorting and com-

bustion reaction and the combustion zone is established across the whole cross-
section of the retort, the burners are shut off and a regulated mixture of steam

S and air is drawn through the retort by exhaust blowers on the surface. Residual
organic matter is combusted with the air in the feed gas. The hot inert combus-
tion gases flow down through the retort and supply heat to the raw oil shale below.

As the shale is heated the organic matter or kerogen decomposes into oil, vapor
and hydrocarbon gases which are carried along with the combustion gases. Some
residual carbon remains in the shale as char. Steam in the fuel mainly acts as

a diluent to the oxygen in the air to control the reaction temperature and also
reacts with some of the residual organic material forming additional carbon mon-
oxide and hydrogen which improves the heating value of the product gas. The heat-
ing value of the product gas is also enhanced due to the fact that the steam diluent
is easily removed from the gas by condensation. The steam diluent also improves
efficiency of the energy transfer in the retort due to its higher heat capacity
so increasing the oil recovery. As the gas mixture flows down through the retort,
it preheats the raw shale and at the same time the oil and some of the water vapor
are condensed.

Product gases and liquids leave the bottom of the retort and move to the surface
for further processing as product oil, product fuel gas and water. As retorting
progresses the combustion and retorting zones move slowly down through the in-

situ retort.

S TEP 3

When the combustion zone reaches a predetermined distance from the bottom of the
retort, the air and steam feeds are stopped thus preventing further advancement
of the combustion zone. The retort slowly cools down but continues to produce

V hydrocarbon gases which are vented into the gas system for use and pollution
control treatment. The spent shale remains underground with no need for surface
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ANCILLARY DEVELOPMENT

EMERGENCY PROCEDURES DURING RETORTING

The report, product gas drifts and gas shaft will be operated at negative

pressure during normal operation. Back up electrical power will be provided

should the normal power supply fail in order to keep the process blowers in

operation. The following emergency procedures will be carried out should ab-

normal conditions develop.

1. BLOWER FAILURE

The retort would continue to vent through the gas drift and gas shaft since
gas would continue to be generated inside the retort.

Automatic shut off valves on the air inlets to the top of the retort would be

activated, shutting off the air supply and isolating the top of the retort and

so stopping combustion. Hydrocarbon gas production from the retort would drop
below 20% of normal flow immediately and within two to three days would drop
below 10% of normal flow.

2. BLOCKAGE OF RETORT EXIT

In the event of a shut off of the off gases from the bottom of the retort or a

surface line failure, the inlet air valves would be shut off by remote control
and the retort gases would be vented through the process steam line which is

connected to the top of the retort and through a bypass line to the flare stack.

All valves on the steam line and bypass line would be remotely controlled.

3. RETORT GAS MONITORING IN DRIFTS

Continuous gas monitoring devices will be placed in the drifts, at bulkheads
and other working areas in the vicinity of the retort gases. These will sample
the working environment for methane, (LEL), carbon monoxide, oxygen and hydrogen
sulphide. In the event of a gas leak, they will alarm both visually and audibly,
both locally and in the Control Room.









STEAM HANDLING SYSTEM

The steam for the ancillary phase will be generated by a conventional steam

J boiler or by an Ameron type thermal sludge steam generator. The thermal sludge

unit generates steam by heat exchange to the boiler water from a molten salt

which flows through the furnace tubes. Due to the lower tube wall temperatures

in the heat exchanger, poor quality water may be used. And so the need for, sophisti-

cated boiler feed water treatment is eliminated. Such a unit has been successfully
operated at the D.A. Shale site using process water as the water source.

Jacketed and insulated steam lines will transport the steam to the top of the

retort. They will be installed as per the ASME Piping Code and all materials

will be to A.S.T.M. standards. During retorting of the 4 retort cluster, up to

129,000 Ibs/hr of steam will be required for the 150' x 405' retorts and 85,000
lbs/hr for the 200" x 200' retorts.

All welds will be inspected and all pipe will be hydrotested to a minimum of 1-1/2

times working pressure. Steam traps will be installed to avoid build up of con-

densate and bypasses will be provided at the steam traps to drain condensate at

start up and avoid "water hammer". Pressure relief valves will be installed to

avoid overpressure at any point in the system. A generous corrosion allowance
will be used when selecting pipe wall thickness and a corrosion inhibitor will

be added to the boiler feed water. Ultrasonic inspections to check the pipewall
thickness will be carried out. Crack detection by ultrasonics will also be

carried out. Allowances for thermal expansion will be taken into account in

piping design as per the relevant National Piping Codes.

RETORT LIQUID PRODUCT HANDLING SYSTEM

Oil and process water produced in the retort will be collected in a sump behind
the bulkhead or a tank outside the bulkhead. Due to the physical layout of the
product drifts behind the bulkhead, several days production could be stored in

the event of an exit line blockage or pump failure. Initial separation of the

oil and water will take place in the collection sump and they will be pumped
separately to the surface. The pumps will be contained by a concrete berm or

will be installed in a concreted depressed area to restrict leakage from pump
seals, etc. Pressure relief valves relieving back to the collection sumps will

be installed. All lines will be designed, installed and tested as per National
Piping Codes with generous corrosion allowances taken into account in the design.
Pipe wall thickness will be monitored and corrosion coupons will be installed.
All materials will be specified to A.S.T.M. standards.

The pumping station will be well ventilated and all electric motors in the contained
pumping areas will be according to National Electric Code specifications.

STEAM LINE AND PRODUCT PIPEWAYS •

All horizontal lines will be run on substantial hangers or pipe supports so located
to protect them from damage by mobile equipment^ All hot lines will be insulated
and jacketed to provide both personnel protection and reduce heat loss. Lines
running between the surface and the mine levels will be supported by brackets in
the 15 feet shaft. They will be so located to provide for easy inspection and
shielded to provide for personnel protection in the case of a leakage.









v^

n
u ii

Z «

I
1

£ in

»- O

LU

z
Q-

c
-J

UJ

>
Li

a

F

^s
Z a
w X
> m

— -^ w

5 <r

OH

D
Q

in

D
O
cr

<

UJ

>

t

Z o

> u

•"\
I in





>

i!

v

\

s

UJ

T
0.

o
-J

Ul

>
UJ

o

u
z
tt:

D

tn

D
u
£t

O

z
o

z
u
>

"N





>

Hi

1

%
o

o
o
*

Q
O
•X.

u

o

Q

O
CO

o
t-H

>

z
w

0.

o
-I

>
UJ

D

a
z
Ct

D
O

1/1

O

z
o
»-

<
-I

»-

z
UJ

>

">





"N

i

^s

O
-J
CO

J<

o

UJ

u
z

D
a

10

D
U

<

UJ

>

^\





~\

N

'

i

J?

i| L
i ^ ::• r

, = - i ?.<

3 - Z
1 *

o
_j

b. -

BE
-

•

M <

5

s

n
a
o

h- h-
u
a I

LJ <
DC -j H

li. £
a
o

i

U. £ a A 1

1

± > ~

I

w
J
a.

L

>









*>

C-b SHALE OIL VENTURE

ROCK MECHANICS PROGRAMS

FOR

STABILITY OF MINE OPENINGS

SUBSIDENCE

BOUNDARY PILLAR DESIGN

N
t-xt-w

JUNE, 1977 IRVING G. STUDEBAKER, P.E

~N

-7 yoc?*?.
/1





~N
ROCK MECHANICS PROGRAMS FOR STABILITY OF MINE OPENINGS,

SUBSIDENCE PREDICTION AND EVALUATION, AND BOUNDARY PILLAR DESIGN

A three-phase program provides a responsive effort for the C-b mine design and

a comprehensive monitoring program to evaluate predictive efforts for rock

responses on both the surface and in underground working. The first part of the

program is provided in detail, while later program phases incorporate the'

experience gained.

STABILITY OF MINE OPENINGS

A two-phase program of shaft pillar design, followed by the design of

underground mine openings will provide a responsive tool for the mine design

effort. The mine design effort starts in September, 1977, and mining of

openings underground will start when the ancillary phase shafts are completed
in mid or late 1979. The shaft pillar design study will be completed in

September, 1977. These design criteria and evaluation techniques will be

incorporated in the mine design which starts at that time. The significant
details of the shaft pillar design study are shown in Appendix 1, and key

points of the schedule are shown in Figure I.

SUBSIDENCE

The subsidence effects from mining at the C-b site are long range, thus

the selection of monitoring systems and techniques are scheduled to start
after the mine opening studies are well advanced. The information data and

criteria developed by the earlier studies will be incorporated into the

subsidence determination and evaluation plans. No significant data from
subsidence monitoring will be developed until large scale mining operations
are underway. The subsidence data input will be delayed for a length of

time after the scheduled completion of the production and service shafts
in mid 1980, and the subsequent development of several mining panels. The
ancillary retort development in late 1979 and early 1980 will not provide
sufficient open ground for early subsidence evaluation. However, an ancillary
phase monitoring system will be installed to verify these assumptions
(Figure I). The proposed study and design monitoring schedule check points
are shown in Finure I. Key monitoring and design points are the start of

the ancillary mining phase (September, 1979) and main mining phase (July, 1980).

BOUNDARY PILLAR DESIGN

The boundary pillar design is a long-range feature, needed at the time
the underground mining operation approaches the tract boundary. This design
effort will incorporate the design and evaluation of the two previous phases
of the above Rock Mechanics Program. Key check points in this program as
indicated in Figure I, are as follows: Origination of the background study
and completion by the end of 1981; evaluation of design criteria and selection
of design methods in 1931; selection and installation of monitoring systems
before the mining operation approaches the tract boundary.
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APPENDIX I. OUTLINE

1 - Shaft Pillar Design for Oil Shale

I INTRODUCTION

II
,

FUNCTIONS OF SHAFT PILLARS

A. Production

1

.

Access

2. Development

3. Ventilation

B. Subsidence protection

1. Shaft

2. Surface plant

C. Load carrying

III HISTORICAL DESIGN METHODS

A. Rules of thumb (Empirical)

B. Measurement based

1

.

Redmayne

2. South African (Salamon)

3. National Coal Board

4. Other

C. Examples

1. Variation in results

2. Failures

IV PILLAR LOADS AND STRENGTH

A. Tributary-area-loads (TAL)

1

.

Adjacent pil lars

2. Arch distance effects

3. Geometry

4. Faulting





B. Strength estimation

1. Specimen method (Obert, et. al
.

)

a. Size effects

b. Shape effects

2. Probabilistic (Skinner)

3. Limiting strength (Bieniawski)

4. Empirical (Salamon & Munro)

5. Confined core (Wilson)

6. Fill confinement

V SUBSIDENCE LIMITATIONS

A. Surface manifestations

1

.

Vertical

2. Horizontal strain

3. Tilt

4. Angle of draw

B. Prediction

1

.

NCB

2. American experience

3. "Detailed Development Plan"
USBM Contract SO 241074

C. Damage reduction

1

.

Plant design

2. Pillar dimensions

3. Backfill

4. Allowable

5. Faulting

VI SHAFT PILLAR DESIGN EXAMPLE (Oil Shale)

A. Input conditions





1 . Geometric

> 2. Geologic

~\

3. Physical properties

4. Subsidence limits

a. Horizontal strain

b. Tilt

B. Loading

1. Depth

2. Density

3. Retort effects

C. Strength

1. Pillar

2. Fill confinement (Blasting induced swell)

3. Thermal effects

a. Retorting volume change

b. Weakening upon heating

D. Subsidence damage potential

1. Cumulative effects

2. Balancing effects

VII CONCLUSIONS

VIII BIBLIOGRAPHY
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CD Shale Oil venture

y

2372 G Road- P.O. Box 2687

and Junction, Colorado 8I50L

(303)242-8463

fiMeL&il-

Occidental Oil Shale , Inc.

Operator

Ashland Colorado Inc.

July 1, 1977

Mr. Peter A. Rutledge
Area Oil Shale Supervisor
U.S.G.S. Conservation Divison
Mesa Federal Savings & Loan
131 N. 6th, Suite 300
Grand Junction, Colorado 81501

Dear Mr. Rutledge:

I am sending you additional information to Section III-E-11 and V-B
of the DDP Modification as requested by you describing the supporting
laboratory program plan for the shale leaching investigation.

Mery truly yours,

C-D/-SHALE OIL VENTURE

R. E. Thomason
Manager, Leasehold Development

RETipmr

Encl.

cc: J. J. Hill

R. A. Loucks
R. J. Fernandes





29 June 1977
'

Occidental Oil Shale, Inc.'

Oil Shale Laboratory Leaching Program

1

.

' Purpose

On behalf of Occidental Oil Shale, Inc., and as part of its research,

program to support oil shale activities, Occidental Research Corporation

has planned and initiated a comprehensive laboratory program to study the

water leaching of oil shale. The study has two general objectives: (1)

to define the problem, i.e. to determine what constituents are leached,

under what conditions, and how fast; (2) to determine what steps may be

required to. obviate any potential water quality problems due to water which

has come in contact with oil shale. The program described below addresses

itself to the first objective.

2. Discussion

The ORC oil shale leaching program has two major and related elements:

the execution of an extensive series of laboratory leaching experiments and

the development of a mathematical model which represents and correlates the

experimental results. The ultimate use of this work will be to accurately

predict leaching behavior under field conditions.

Because the program is in its early stages, it must now be considered

flexible because much of what will be done in the future depends on what is

learned initially. The basic objectives will, however, remain unchanged.

The current level of effort for the study consists of a minimum of one full

time research engineer as well as associated technician, administrative com-

puter, and analytical laboratory support.

Features to be studied in the experimental program will include

the following:

(1) The effect of water leaching of raw shale and of spent shale,

(2) Experiments designed to determine leaching effects under conditions of

water trickling through the shale bed or the bed being flooded with water.

(3) The effect of leaching (water) rate.

(4) The effect of shale particle size.

(5) The effect of shale history. This is important for spent shale and -

will include the retorting conditions the shale has seen, e.g. temperature.
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This work is part of a larger program Occidental is undertaking to

determine the effect of water contacting oil shale. The other two parts are

mentioned below.

(1) A field test in Retort 3E , D. A. Shale in which water of essentially

groundwater quality, will be injected into the retort under controlled condi-

tions and the results carefully monitored.

(2) A continuing program in which water quality in the D. A. Shale pro-

ject area is constantly and carefully monitored. Special attention is paid to

water which has come in contact with spent retorts.
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Proposed Field Study of Spent Shale Leaching

Retort 3E, D. A. Shale RECEIVED

JUN2 81977

j
. OFFICE OF

jeccive
AREA CM. SHALE SUPERVISOR

Environmental advantages have been demonstrated for in-situ pro-fj ^ n Q

cessing of oil shale compared to surface processing in all facets for

which a comparison can be made. From an environmental point of view, a

major difference between in-situ and surface processing is that the in-

situ process produces underground retorts filled with spent shale as opposed

to surface dumps of spent shale. The spent shale contained in underground

retorts has experienced a different history from that produced by surface

processing.' Therefore leaching and other water contacting tests conducted

on surface retorted material are not directly applicable.

A reasonable concern has developed regarding how the quality of water,

which has somehow entered a retort, will be affected by contact with the

spent shale. Since water leaving a retort may finally become part of the

local ground water supply, the ultimate concern is for the quality of the

ground water. Water having passed through a retort can be pumped out, col-

lected and upgraded to acceptable standards. The extent that such treat-

ment will be required will be indicated by the program proposed.

Occidental Oil Shale, Inc. has proposed a three-pronged program to

determine the effect of water contacting in-situ retorted spent shale.

(1) Field tests in which spent shale in retorts is contacted by

water under controlled conditions and the results are care-

fully monitored.

(2) An extensive laboratory leaching program from which the results

may be extended to field conditions. This work will include

the development of a mathematical model to enable accurate pre-

dicting of leaching behavior to be made.

(3) A continuing water quality monitoring program which gathers ex-

tensive quality data on ground water in the project area and

particularly that which has come in contact with spent shale in

abandoned retorts.





-2-

The purpose of the test proposed here is to obtain data, under field

conditions, which will enable predictions to be made regarding the quality
,

of the water that comes in contact with in-situ spent shale. The predic-

tions are intended to cover an extended period of time after retorting has

been completed. This test is a significant part of Occidental's continuing
i

,

demonstration of responsible concern for environmental aspects of its oil

shale program.

The specific objectives of the proposed test are:

(1) To inject water of known quality and at a known rate into

Retort 3E, D. A. Shale, and to monitor the quality and quantity

of the effluent. We will be looking for evidence of leaching of

both inorganic and organic materials. Particular attention will

be paid to any evidence of polynuclear aromatic hydrocarbons in

water leaving the retort. Of great importance will be the deter-

mination of the maximum concentration reached by any pollutants

in the effluent water.

(2) To determine the residence time for the water injected into

Retort 3E using tracer techniques.

2. Summary

Retort 3E, D. A. Shale is a promising site for the proposed test. Two

major reasons are that it is relatively small and that it seems to be nearly

dry. Efforts are currently being made to estimate the background flow of

water in Retort 3 and the quality of any water found. Because it has been

dry, no data are available on the quality of water exiting Retort 3 since

May 1975 when the room was being retorted.

The proposed test is planned to run for a minimum of three months once

it is under way. Water, substantially the same as local ground water and

obtained from local sources, will be injected into Retort 3 at a rate of two

gallons per minute. A total of 288,000 gallons of water will be required

for a test of three months. It is proposed to deliver the required water to

the top of Retort 3E by truck, store the water in tanks currently located

there, and then deliver the water to Retort 3E through an existing distribu-

tion system. Based on the rates determined, 2880 gallons per day must be

delivered to the site. For a truck .of 2000 gallon capacity this will mean

about one and on half trips per day. There are three 25,000 gallon and one

10,000 gallon storage tanks available at the site. For this test, one 25,000

gallon tank will be required.
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It is proposed to pump out Retort 3E daily (or as required) in order

to estimate the exiting flow rate and to avoid building up of any substantial

amount of water in Retort 3E. This water will be disposed of by current

methods for mine water or process water depending on its quality. ;

Since the exiting water flow rate is unknown at this point it is im-

possible to. accurately forecast an optimum sampling frequency for water

quality analysis. It is tentatively proposed to sample weekly and more

frequently if required. On a bi-weekly basis, a complete water quality

analysis will be made. See Appendix A for a complete list of the items

currently analyzed. In addition, analysis will be made for polynuclear

aromatic hydrocarbons on a bi-weekly basis. On a weekly basis, the effluent

water will be analyzed for evidence of both salts and organic materials. A

proposed list of the items to be included in the weekly analysis is shown in

Appendix B. During residence time studies, the tracer selected must also be

monitored, possibly daily.

3. Discussion

A. Basis for experimental design.

There are no generally available data on the leaching of spent shale

which has been retorted in-situ. As a result, the predicted behavior of

the proposed test has been based on the data obtained by John Shafer of

Occidental Research in 1976.
In this work Shafer studied the leaching of Na , K , and SO , ions as

a function of time at a fixed water irrigation rate. Experiments were per-

formed with samples of spent shale retorted under in-situ conditions at ORC's

La Verne Laboratory. However, the conditions were not the same as those of

Retort 3E and therefore any predictions for the behavior of the field test based

on these data serve only as general guidelines.

After 150 days, it was determined that essentially all of the salts moni-

tored had been leached from the spent shale. Ion concentrations in the efflu-
4- +

ent ranged from 170 to 1350 mg/1 for Na ; 73 to 240 mg/1 for K , and 370 to

1220 mg/1 for SO . For comparison, a water quality sample dated 12/21/76 taken

from Retort 2E, D . A. Shale, showed 500 mg/1 for Na ; 400 mg/1 for K , and

1040 mg/1 for SO . Shafer also determined the holdup of water on spent shale

to be about 0.41 pounds per pound of shale. This is the water remaining behind

when a flooded column of spent shale is drained. Again, this figure must be

considered only approximate for retort conditions, in part because of the

much larger particle sizes encountered.

John Shafer, Oil Shale Leaching Report, 17 November 1976,
Occidental Research Corporation
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B. Predicted test results.

Shafer's data have been interpreted to mean that the amount of salt

leached from the spent shale is primarily dependent on the total amount of

water which has contacted the spent shale. That is, the results are not

dependent !on the rate of injection. Based on this, it is estimated that

as much as 8% of the salts in place may be leached out during the first

three months of the proposed test.

Retort 3E is essentially 1055 square feet in area by 113 feet deep.

A volume of 119 thousand cubic feet. The retort lias an estimated porosity of

25.9% and thus contains 88.2 thousand cubic feet of spent shale. Approxi-

mately 5600 tons of spent shale are estimated to have been retorted.

Based on the above, two cases were considered. In each case the inlet

water is assumed to be supplied at a constant rate of two gallons per minute

or 2.57x10 gallons of water per pound of spent shale per day.

In case 1, the spent shale was considered to be dry. It was also assumed

that all the holdup water would be accumulated in the bed before any exit

water would appear. If these conditions prevail, it would take 192 days

(5.5x10 gallons of water) before any effluent water would be seen.

For case 2, the retort was considered to be saturated with water. In

this event, effluent water will appear as soon as water injection starts.

The estimated test results appear below.

TABLE 1

Estimated Test Results

(Retort Initially Water Saturated)

Total Water % Initial Salts Removed

Day Gallons

30 86xl0
3

60 172xl0
3

90 259xl0
3

+ +
Na K SO,

3 2 3

6 A 6

8 6 8

The actual test situation should be something between the two cases

considered. This is primarily due to two factors. First, the retort is

probably partially wet with some local saturation. Second, while the
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injected water may be fairly well distributed initially, it probably will

not percolate down uniformly through the bed, but will channel. Again this'

leads to local saturation and an unpredictable time for effluent water to

appear.

C. Tracer Studies-

Use of a tracer is recommended in order to estimate the residence time

of water in the bed. Tritium, in the form of tritium oxide, is suggested as

the best tracer if approval for its use is obtained in a timely way. Tritiated

water should behave chemically just as pure water during the test. If approval

for the use of tritium is not obtained, the use of chemical tracers is in Order

Because a chemical tracer may itself be absorbed on the spent shale the simul-

taneous use of two tracers may be advisable in order to detect this possibility.

Potential chemical tracers are flourescene dye, lithium chloride, and lanthanum

injected as the chloride or nitrate. The use of lanthanum is dependent on

atomic absorption analysis being available.

The purpose of the tracer studies is to estimate the time spent by the

injected water in the bed. The tracer would therefore be injected as a pulse.

If permission for use is obtained, it is suggested that tritium in the form of

tritium oxide be mixed with water at a concentration below the minimum per-

missible content established by Government regulation, and then be injected

into the retort over as short a period as would be consistent with good test

results. A similar procedure would be followed for use of chemical tracers. •

The tracer study may be started any time after a steady effluent flow has

been established. If no entering ground water is assumed for Retort 3E, then

the steady effluent flow must be equal to the steady water injection rate.

The background water flow in Retort 3 is very low. It has therefore been

assumed that water holdup in the retort can be calculated satisfactorily from

a balance on the injected and effluent water.

D. Test Procedure.

It is proposed to inject water of essentially ground water quality con-

tinuously into Retort 3E at the rate of two gallons per minute. Over a three

month projected life of the test this amounts to 288,000 gallons of water

total. The source of water to be obtained has not been established. If water

for the test is readily available it may prove advantageous to increase the

proposed water injection rate in order to accelerate the test. On the other

hand, if water for the test is limited, then it may be necessary to reduce

the proposed injection rate.
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Prior to injection, the water will be held in storage tanks available

above Retort 3E. The proposed rate of water injection requires on the average'

2880 gallons of water per day be delivered to the site. It is expected that

delivery wiill be made by 2000 gallon capacity trucks making one to two trips i

per day. To provide stored water for five to ten days operation, about 20,000

gallons should be stored at any one time. This will require the use of one

of the 25,000 gallon tanks available. It is proposed to use the existing pumping

and distribution system for injecting the test water into Retort 3E.

Effluent water will be removed from Retort 3E with an existing pump and

existing piping. At this point, it is proposed to dispose of the effluent

water in one of a variety of ways depending on its quality. If the quality is

good, it can be used as mine water is now used, e.g. for drilling equipment or

boiler feed water. If the effluent water quality is not sufficiently high for

those purposes it can possibly be sprayed on roads or dumps.

It is proposed to sample both injected and effluent water for water quality

analysis on a weekly basis. A complete water quality analysis (an already es-

tablished test, see Appendix A) should be done on a bi-weekly basis. Also

on a bi-weekly basis, analysis will be made for polynuclear aromatic hydrocarbons.

On a weekly basis, analysis will be made for indicators of the leaching of both

salts and organic materials. Appendix B contains a suggested list of items to

be checked. During the period covered by the tracer studies, analysis must

also be made for the tracers. The frequency of sampling during tracer studies

may have to be greater than once a week.

E. Analytical Procedures and Methods.

At present, water quality sample analysis for D. A. Shale is being performed

by Coors Spectro-Chemical Laboratory of Golden, Colorado. Two analysis are cur-

rently being made at the discretion of OOSI and depending on the situation.

The complete analysis consists of some 68 items. A less complete and less

expensive anlaysis consists of 31 items. The Coors analytical work has proved

very satisfactory, it somewhat costly. The tests currently cost $527.00 for

the complete analysis, and $213.50 for the less complete analysis. A major

advantage of the Coors service is that prepared sample containers are provided,

which makes sampling in the field relatively easy and straight forward.

For the proposed leaching test it is planned for the OOSI laboratory in

Grand Junction, the Occidental Research Laboratory in La Verne, and Coors

Spectro-Chemical Laboratory to all participate in the water quality analysis.
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The specific tests that each laboratory will perform have yet to be worked

out, but will be decided on the basis of cost and capability. It is planned

for the 00S1 laboratory in Grand Junction to monitor the tracer studies.

Analysis for polyaromatic nuclear hydrocarbons will be performed by the

Parma Technical Center of Union Carbide Corporation.
i

There is a considerable advantage to having a full water quality analysis

capability within Occidental. Substantial savings should result over the long

run. At this point, the details of ORC's water quality analysis capabilities

and procedures have not been fully established. In, addition, procedures for

sample container preparation and delivery to the project site, and sample

return to La Verne have yet to be worked out.

F. Field Equipment-

It is planned to use exisitng storage tanks and an existing pumping

and piping system to inject the test water into Retort 3E. Above Retort 3E

there currently exist three 25,000 gallon and one 10,000 gallon storage tanks.

During the test it is projected that one 25,000 tank will be used. It is

presently believed that the existing system will prove adequate for pumping,

metering, and delivering the test water to Retort 3E.

It is also proposed to use existing equipment to pump out and sample

Retort 3E. (Additional equipment in the form of water trucks may be needed to

dispose of the effluent water.)

Water for the proposed test will be obtained from off site sources. The

rate of water injection will require, on the average, 2880 gallons per day of

water delivered to the top of Retort 3E. If trucks of 2000 gallon capacity

are used, one and one half trips per day will be required.

Any additional equipment or apparatus required for the proposed test

should be both minor and available.

A. Cost

The cost of the proposed test is currently being estimated. External to

00SI, the additional costs will be those of obtaining, delivering, and dispos-

ing of the test water and the costs of water quality sample analysis. Direct

manpower requirements for OOSI are estimated to be about two man days per

week to generally perform the test, and to take samples for analysis, and to

perform some water quality analysis. Analytical support from ORC is currently

budgeted as are Claremont Engineering charges.
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Over a three month projected lifetime of the test, 288,000 gallons of

water will be required. The cost of this water, essentially the cost of

delivery, is now being estimated. The cost of disposing of the test water

should be ismall, but is also being estimated.
I

•

Costs for water quality analysis are based on weekly "short" and bi-

weekly complete water quality analysis for both the injected water and the

effluent water. Occidental Research is now estimating the cost for its

analysis. Shortly it should be possible to make a reasonable estimate of

both the analytical costs required for the proposed test and of the total

extra costs for the test.





APPENDIX A

Water Quality Analysis

Complete List of Items Currently Analyzed*

\ Pesticides (Chlorinated), ug/1

Color, Platinum Cobalt Scale*

Specific Conductance, umhos*

Turbidity, F.TU*

pH*

Total Alkalinity, mg/lCaCO *

Bicarbonate, mg/1 CaCO *

Total Organic Carbon, mg/1*

Suspended Solids, mg/1*

Soluble Solids, mg/1*

Volatile Solids, mg/1*

Sulfate (SO,), mg/1*

Hardness, mg/1 CaCO

Chloride, mg/1

Fluoride, mg/1*

Chemical Oxygen Demand, mg/1*

Odor, ASTM Oil*

\
Fecal Coliform Bacteria

Colonies/100 ml

' Phenol, mg/1*

Phosphorus, mg/1

Sulfite (SO ) , mg/1*

Bromide, mg/1*

Nitrogen-Kjeldahl , mg/1*

Nitrogen-Ammonium, mg/1*

Nitrate, mg/1*

BOD , mg/1*

Oil and Grease, mg/1*

Sulfide, mg/1

Nitrite, mg/1

Cyanide
>
mg/l

Surfactants, mg/1

Silicon, mg/1

Lithium, mg/1*

Sodium, "mg/1*

Potassium, mg/1*

Arsenic, mg/1*

Selenium, mg/1 .

Mercury, mg/1

Cadmium, mg/1

Zinc, mg/1*

Iron, mg/1*

Magnesium, mg/1

Calcium, mg/1

Boron, mg/1*

Thallium, mg/1

Chromium, mg/1*

Vanadium, mg/1*

Cobalt, mg/1

Nickel, rag/1*

Strontium, mg/1

Copper, mg/1*

Barium, mg/1

Manganese, mg/1

Silver, mg/1*

Zirconium, mg/1*

Titanium, mg/1

Molybdenum, mg/1

Antimony, mg/1*

Tin, mg/1

Gallium, mg/1

Lead, mg/1

Aluminum, mg/1

Beryllium, mg/1

Yttrium, mg/1

Scandium, mg/1

a, pCurie/1*

8, pCurie/1*

Radium 226*

* Items so marked are included on the 'short analysis".





APPENDIX B

Water Quality Tests

(Weekly or Greater Frequency)

Specific Conductance, ymhos

pH

Total Alkalinity, yg/1 CaCO.

Total Organic Carbon, ug/1

Sulfate (SO,),
q

Fluoride, yg/1

Sulfate (SO.), yg/1
q

Chemical Oxygen Demand, ug/1

Phenol, yg/1

Nitrate, yg/1

BOD
5

, yg/1

Sodium, yg/1

Potassium, yg/1





LARAMIE ENERGY
RESEARCH CENTER

UNITED STATES

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
P.O. BOX 3395. UNIVERSITY STATION

LARAMIE. WYOMING 82071

Peter A. Rutledge
Area Oil Shale Supervisor
USDI - Geological Survey
131 N. 6th Street, Suite 300
Grand Junction, Colorado 81501

May 26, 1977
-v-t.lv/ED

A3E1 nn

•AY3 1JS77

ks. c.s.

Dear Pete:

As you requested, I'm outlining the stories I told about thermal reactions
of oil-shale minerals to the advisory group you assembled May 16 in Grand
Junction. Because oil-shale is a bit variable, I can't cover all angles
in a letter. So I'll present a general picture and encourage questions.

The temperatures reached by rocks in a modified vertical in-situ retort
o

are relatively high - perhaps 2200 F. This contrasts sharply with the

1300 F temperatures found in LERC's 150-ton retort. Although gas-flow
rates helped generate this difference, a primary factor producing the
higher temperatures in the underground retort is that it loses no heat

from i ts edges

.

The higher temperatures attained in the subsurface retort create marked
changes in the minerals. In the 150-ton retort, reaching 1300 F, dolomite
is broken down to calcite and to magnesium and iron oxides:

(Mg,Fe)Ca(C0 ) —> (Mg,Fe)0 + CaCO + CO

At this temperature calcite begins to undergo decomposition:

CaCO. CaO + CO.

At the higher temperatures reached in the in-situ retort these carbonate
decomposition reactions go to completion and a new reaction series is

initiated. The CaO is an extremely active material at the temperatures
where it is produced. It reaches out, grabs the surrounding minerals and

forms new compounds by what are called solid-state reactions.

I'm enclosing a copy of a thermal analysis review which describes solid

state reactions on pg 621-622 and even indicates how active CaO is. The
minerals available for CaO to react with include quartz, soda feldspar,

and potash feldspar plus the iron and magnesium oxides from carbonate

1 /t f-t~





decomposition. An article describing this attack is cited in the middle
of page 622. The formation of diopside from oil shale minerals is mentioned
on page 607- Time substitutes somewhat for temperature so the 1100 C

[f^S 2000 F) is higher than when diopside and its relatives actually appear.

The solid state reaction of CaO with the silicates is exothermic - that

it generates heat. This helps the reaction to continue. In oil shale
the mineral particles are all very small and are intimately mixed. This

also helps the reaction go to completion.

i s

Diopside is not the only mineral that may form. Others include augite
and mellilite as representatives of rather large mineral families. These
merely represent the adjustments made in the crystals to accommodate
whatever materials are handy. All of these minerals formed share one
characteristic important to oil shale development - they are insoluble
in water.

Two things you should also know about include the fact that I picked up a

block of shale from the wall in Oxy's Chamber. It's the one that I had
on the table. It is extremely porous and full of water. That's why I

had it in a plastic bag. The water had been there since the rock cooled
enough to let it in and had not circulated thru. This water was almost
neutral - pH 6.5 to 7- The burn edges showed calcium carbonate precipitates
Apparently there is enough carbonate available to kill the free lime. In

addition, the mineral thenardite showed up right along the edge of the

burn. This is a neutral salt (pH =7). No strong base development as

Glenn predicted!

At LERC we have a program going to define these high temperature mineral
changes. They don't work in powdered oil shale quite as well as they do
in the rock because the mineral particles are farther apart in the powder.
But they still go! We expect publication within k months and will put
you first on the list to receive a copy.

We hope this helps.

Sincerely yours,

' 71
iiVl/ard L

Division Manager

Enc losure :

As stated





WATER MANAGEMENT

Aquifer characteristics of primary importance are summarized in memo reports

dated 5/19/77 and 6/9/77 submitted here as supporting information from Energy

Consulting Associates.

Estimated dewatering rates have been made by Tipton & Kalmbach dated 5/17/77, and

are submitted .here as supporting information. These estimates consider the mine

as a two-aquifer system. The top of the Mahogany zone serves as the base elevation

for the purpose of this definition. The upper dewatering zone is located approxi-

mately 40 feet above the top of the Mahogany zone and will handle all the water

which drains into the mine from that point.

The lower zone is located at approximately the base of the L-5 and will handle

all the water which drains into that level comprising the zone from the top of

the Mahogany to the base of the L-5. There may also be some up-flow from below

the L-5.

For the purpose of water quality control, water from these two levels may be

handled separately as it suits the ultimate discharge/use point and to minimize
treatment costs.

These data provide the basis for engineering design of water systems.

It is assumed the continual removal of water in the quantities estimated as being
required may result in the eventual reduction of stream and spring flow which
would, in turn, adversely affect the holders of senior water rights.

Work has been underway for some time to secure adequate long-term water rights.

These water rights serve as a basis for a water augmentation plan currently being
prepared by Tipton & Kalmbach, Consulting Engineers, to submit to the water court.
Details of this water augmentation plan will be made available just as soon as

the preliminary options are finalized. It is expected that primary augmentation
water will be available from the White River under these rights.

The management of on-tract water resources covers a broad spectrum of options.
They include:

Recirculation within the production system of mine water, process
water, well water; and subsequent use for mining, processing, re-
vegetation, dust control, domestic and sanitary needs. Treatment,
reinjection and storage may be utilized.

A range of water quality is evident from the existing test data so that separation
as to source and use is available and may be required.

Early on in the project development there will be more water produced than can be
consumed. This surplus water may be handled in some of the following ways:

. discharge into the Piceance Creek

. discharge into the White River

. subsurface reinjection

. holding in suitable lined ponds/reservoirs, evaporation ponds

. irrigation of range land or revegetated areas on tract.





> Dewatering during sinking and drilling of shafts will be at a controlled minimum.
Water inflow will be controlled by grouting on the larger shafts and mud drilling
on the small shafts.

Where discharge of water into the stream system occurs, the quality and quantity
of the discharge water will be regulated according to permissible levels, by
treatment, i f 'necessary . Discharge water quality will be within the existing
regulations. The application for permits necessary to discharge and/or reinject
are being prepared and discussions are under way with the Colorado State Water
Quality Control Division.

>

>
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May 17, 1977

Mr. Robert E. Thomoson

Occidental Oil Shale, Inc.

2372 G Road

Post Office Box 2687

Grand Junction, Colorado 81501

MAY 1 8 Recto'

Subject: Estimated Pumpage from Cb Mine

^S

Dear Mr. Thomason:

Attached is a table showing the range of pumpoge to be expected in dewotering the

mine area at Cb. As discussed, the effective siorativity of the aquifers is still unknown and

will remain so until operations are well under way.

Predicting quality of discharge is also a matter of judgement owing to the ronge in

quality of groundwater on and near the tract, mixing of waters from above and below the

"A" groove through exploration wells, apparent errors or inconsistencies in analyses, and the

unpredictable effect of vertical leokage. In our estimates of the impact of mine drainage

water on the quality of surface streams (which is schematically portrayed on the several small

maps we gave you) we used values of dissolved solids and fluoride as follows:

Upper oquifer

Lower aquifer

Average pumpage

TDS-ppm

970

1200

1040

F-ppm

3

15

7

There is some evidence to indicate that the fluoride content of the upper oquifer may be

significantly higher than the above value, and vertical leokage, particularly upward leokoge,

could affect the quality of the water pumped from the mine.

icer

r\

OK:rs

Attachment

cc: Ashland - Mr. Hill (w/encl .)

ECA - Mr. Chestnut (w/encl.)

Claremont - Mr. Ruskin (w/encl.)

Parsons - Mr. Shaw (w/encl.)

P.S. The map showing the case of "Treated Mine Discharge" we gove

you was blurred and 10 copies of a new print are enclosed.
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COnSULTIflG ASSOCIATES

May 19, 1977

%
***

CCJ)

L.I.I

Mr. Robert E. Thomason
Leasehold Manager
Occidental Oil Shale, Inc.-OXY

P.O. Box 2687

Grand Junction, Co. 81501

Dear Mr. Thomason:

RECEIVED

AREA

JUW2 8I977
QWC£ 0-

O.S. G.

•-.v:sor

As per your assignments during the meeting in Tipton and Kalmbach's

offices on May -13, 1977, we have -prepared the following materials and are

hereby transmitting them to you:

1) A tabulation of the aquifers deduced from the pump/spinner tests

in wells 32X-12 and 33X-1; these tables contain estimations of

the requested aquifer properties.

2) A graphical display of predicted discharge from each aquifer unit
during sinking of shafts in the vicinity of 32X-12. These curves
are for either shaft, with the interference effects of the other
shaft taken into account; for non-simultaneous sinking of the

shafts, these values for discharge should be multiplied by a

factor of 1

.

k.

3) Water quality data from the drill-stem tests in SG-17, the main
aquifer pump tests, the mini-pump tests, and samples recovered
whi le dr i 1 1 i ng 33X -

1

.

We believe this information will fulfill the immediate requirements of the

various individuals involved in the project planning at this time, as expressed
in the meeting of May 13- If there are any questions about the information
presented, please contact us.

DAC/vpm
cc: 3 to W. R. Shaw

1 to G.T. Kimbrough
1" to J.J. Hill
1 to 0. Kalmbach

S i ncerely
,

Dwayne A. Chesnut

1 to A.M. Ruskin
1 to T.N. Beard
1 to D.C. Conner

817 SEVEnTEEflTH STREET SUITE 6IO DEfWER.COLORfiDO 8CV2CV2 (30JI62J-8706
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C-b Tract We 1 1 33X-1

Aqui f er Def i ni t ion

Equi 1
i

-

Aqu i f er

Top of .

Aqui f er Th i ckness
Est. Trans-
mi ss i v i ty

br i urn

Pressure TDS 3 3
F 1 uor i de Boron

No. (ft) (ft) (GPD/ft) (psi) (mg/1)

h
1050

(mg/1)

0.1*

(mg/1)
CK.ac^

1

0.08
14

1
7 350 50 ? 22

2 ? 650 65 ? 144 1050^ 0.1* 0.08
14

3
7 750 60 ? 186

4
1050 b.l* 0.08^

4
<\0 900 25 ^0 244

*4

1050 0.1* 0.08*

5 \3o 9^3 ^7 113 267
4

1050 0.1* 0.08^

6 ZloO 1080 20 93 320 5^0 12 l .2

7 8o 1130 ^5 67 3^7 750 16 1.4

8 xro 1210 3A 3^0 380 995 10 0.3

9 iqo 1315 25 87 ^23 680 18 1.8

10 V4o 1385 80 200 ^65 735 10 0.

1

11 Zbo 150*4 21 100 50A 581 17 0.5

12 7r 1620 55 73 562 800 20 0.5

13 ir 1680 30 ^0 582 1150 25 1.4

S
14 \oo 1815 35 67 6A2 2175 25 1 .

1

15 \ oo 1850 55 100 661 595 8.9 0.9

16 n\o 1905 14 180 676 1480 20 1 .8

17 z?o 1950 90 ^00 712 2500 ^5 0.9

1) As shown by the Pump/Spinner test of 5~7~77; all depths are measured from
the kel ly bushi ng

2) Computed from hydrostatic gradient to the midpoint of the aquifer from a

static wa.ter level at 350 ft.

3) Based on s trat i g raph i c correlation to water samples taken during the
drill-stem tests on.SG-17

4) Based on the Uinta water sample from 3 3 X-

1





C-b Tract Wei 1 32X-12

Aqui fer Def i ni t ion

Aqu i fer

No.

1

Top of .

Aqui fer

(ft)

740

Thick-
ness '

(ft)

145

Est. Trans-
mi ss i v i ty '

(GPD/ft)

40

Equi 1
i

-

br i urn

Pressure
(psi)

179

3

(mg/1)

k
1050

Fl uor i de
(mg/1)

0.1*

3Boron
(mg/1)

fa

0.08
M

Est. Max.

1 ns tantaneous
Surge5
(GPM) Woeti

45 »?

2 900 30 40 223 1050 0.1* 0.08^ 57 7r

3 3kk 76 4o 252
L

1050 0.1* 0.08* 6^ !>o

4 1094 26 62 306 540 12 1.2 120 V±o

S 1135 10 295 320 540 12 1.2 599 \ boc?

6 1150 16 115 328 750 16 1.4 239 4-oG

7 1222 25 330 361 704 16 1.4 756 izr

8 - 1290 14 - 65 388 995 10 0.3 160 Zbo

9 1393 57 265 442 6A5 19 1.0 743 -zGo

10 1475
"

20 68 ' 470 645 19 1.0 203
' i<\o

11 1506 14 53 i482 581 17 1.0 162 2io

12 1580 13 67 514 610 20 0.3 218 ZQO

13 1632 21 32 538 720 20 0.2 109 GS

*\ 1748 22 4o 588 1 Aoo 24 1.1 149 1 00

15 1867 33- 44 642 595 8-9 0.9 179 IS"

16 1975 25 63 687 1480 20 1.8 275 1 A c

17 2016 24 240 705 1480 20 1.8 1073 syc

18 2056 10 150 719 2500 45 0.9 684 8u

1) As shown by the Pump/Spinner test of 5~4~77; all depths are measured from
the kel

1
y bushing

2) Computed from hydrostatic gradient to the midpoint of the aquifer from a

static water level at 400 ft.

3) Based on s trat i graph i c correlation to the water samples taken during the
drill-stem tests on SG-17

4) .. Based on the Uinta water sample from 33X-1

5) Computed at one-hour of drawdown using the Jacob and Lohman method for

29 to 34 ft. finished diameter shafts.
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(expected accuracy: + 507o )

BED //l THROUGH H5

12.5
,

} i I i i r i i i i i

10.0
"

7.5
-

5.0
BED #1, 7^0-885

2.5

n

sMlx 10-6

i i r i i i i i i i i

25

20

V2 15

LU

N

10

5

25

20

15

10

5

-j 1 1 r -i r i r

10

J L

1 r

JL t l !_

BED itl . 900-930

T = W
s = ill x 10-6

J L

t 1 1 r

BED //3 ,
9Vi-1020

T = 40

s = m x io
-6

j I.

20 30 40 50

TIME SINCE BED OPENED (DAYS)

50





(expected accuracy: + biR)

BEU il
1
! THROUGH //6

> 50

-40

30

20

10

250

200

s
21 150

LU

s
100

50

N

75

60

45

30

15

T r

J |_

J L

1 r

BED W, 1094-1120

T = 62

s = 55 x 10-6
J I I I I L

i r "j r

BED #6. H50-1166

T-115

s = 101 x 10-6

J l I L

10 20 30 40

TIME SINCE BED OPENED (DAYS)

50 50





(expected accuracy: + 5t$)

BED #7 THROUGH ft.

*N

51
Q_

UJ

<

^

250

200

150

100

50

50

40

30

20

10

250

200

150

100

50

i 1 I 1 I 1 I I I I 1

-

-

BED //7> 1222-12A7

t-330

1 t 1 1 ' 1

s - 291 x 10-6

I r i i 1

\ ' '
1 1 I I 1 1 1 i

^^\^ -

-

BED £o> 1 290-1 30^4

-
T = 65

-

-

s = 57 x 10-6
-

1 1 t t i i i t i i

i i i i i i * i i 1

-

BED #9 . I393-H»50

-

T = 265
-

-

i i i

s = 234 x 10-6

1 1 1 1 1 1 1 1

10 20 30 40

TIME SINCE BED OPENED (DAYS)

50 60





(expected ACCURACY: + 507o)

BED //10 THROUGH 1112

*N 75

60

45

30

15

i r i i i i i i i i i

~~~
~~ -

BED #10- 1*75-1*95

i ' i i

t = 63

s = 60 x 10-6

t i i i i —

>
LU
h-

\

30

20

10

~i i i 1 1 r

7

60

45 [

30

15

10

BED jifll.
1506-1520

t= 53

s = 47 x 10-6

J I I L

20 30 40

TIME SINCE BED OPENED (DAYS)

50

j L

1 1 1 I 1 1 < ' I 1 1

BED £12. 1580-1593

T '

= 67

-

s - 59 x 10-6 -

1 I 1 1 t i i r i i 1

60





50

40

30-

20

10

50

40

5: 30

LU
»—
<

20

10

i EST1MAIE HH< SHAH HJhLO* BY AfJUI, LK UNIT

(EXPECTED ACCURACY: + 5CK)

BED //13 THROGH /'14

BED £W, 1 7^8- 1 770

T = 40

s = 41 x 10-6

10 20 30 40

TIME SINCE BED OPENED (DAYS)

50 50





RESULTS OF WATER SAMPLE ANALYSES
FROM DRILL-STEM TESTS IN S G - 1

7

A

Fl uor i de Boron
Drill Stem Total Dissolved Concent rat i on Concent rat ion

Test No. Test Interval

788-808

Sol ids (mg/1

)

*420

(mg/1) (mg/1)

2 10 2.3

3 822-869 500 1 1 2.3
k 866-919 503 15-3

5 919-970 56*4 13.5
6 970-1017 600 12 2.0

7 1015-1062 5*40 12 1 .2

8 1066-1 1 17 750 16 l.*4

9 11 15-1166 70*4 16

10 1 16*1-1212 995 10 • 3

11 1200-122*1 980 10 .*»

13 122*4-1250 955 10 1 .0

1*4 1250-1271 800 10 .2

15
- 1280-1309 — 680 18 1.8

-
17 1329-137^ 735 10 . 1

18 137*4-1*419 6*45 19 1 .0

19 1*423-1^70 581 17

21 1*473-1522 610 20 • 3

23 151^-1572 720 20 .2

2*4 1561-1622 800 20 • 5

25 1618-1670 1150 25 l.*4

26 1668-1720 1*400 2*4 1.1

27 1711-1770 2175 25 1 .

1

28 1768-1820 2250 2*4 1.5
29 1818-1870 595 8-9 .9

30 1869-1920 1*<80 20 1.8

31 1918-1970 2500 *^5
• 9

3A 2120-2170 3*4,*400 *40 *47.0

-Analysis Results Reported in Quarterly Data Release No. 2, Vol
through 59-

1, pp. I IB-53





WATER QUALITY ANALYSIS

AQUIFER FUND' TESTS

UPPER MAIN AO^Ir cK

PUMP TEST*

Well Number: AT-1

mwAlMiwA^12mm

VY
*

Jran nun

"To t a

1

_
rgii rue Cn rlion (TOCT

If TOC^IO mg/1 then measure

Dissolved Organ ic Ca rbon

^jTspcnJccTOrRnnic tarbon

. .iciiols

Sill fur^ Ac i3
" Ex tract _

"Ml t roRcn, Rase Extract

rcqul red

Required' Ifpross alpha is greater than 4 picocurics per liter (pel).

Required if gross beta is greater than 100 picocurics per liter (pel)

28
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T^HLE II B-30

GROUNDWATER ANALYSIS

LOWLR AQU1 FILM IIMPING TEST AT-1

Well NiDiiber: AT-1
Location: SW» Sec. "7~T35~R96W~

WATER QUALITY FROM
LOWER MAIN AQUIFER
PUMP TEST*

Depth: 5t_r -lt.oli.Mcj

Elevation: 6509 G.L.

DATE ON Will CH SAMPLE TAKEN

• ELEMENT MEASURED- -UNITS (mg/1) UNLESS NOTED (a) (b) (c)

1 . AJ ten i num
2. Ammonia (Nitropen)
3. Arsenic
4. Barium
5. Beryllium
6. Bicarbonate 711 734 75 5

7. Bismuth
8. Boron 3 3 3

9. Cadmium
10. Calcium 4.2 3.8 3.R
11. Carbonate 24 16 11

12. Cerium
13. Chloride 5 5 5

14. Girome, Hexavalent
15. Cobalt
16. Conductivity, Specific (uo/cc) LI 20 inn 1110
17. CoppcT

• 18. Fluoi nit- 19 iq 19
19. Gallium .

7.0. Hardness {mo/i CaCO?) 24 22 74
21. Hydroxide
22. Iron 0.6 < .05 <.05
23. Lead
24. Lithium .05 .05 .04
25. Magnesium 2.7 2.6 2.7
26. Manganese
27. Mercurv___ „.,. lJ '

1 1 1 ( 1
1

29. NickeJ
30. Nitrate .6
31

.
pH 9.0 8.8 8.6

32. Phosphate, Total <.l 3 <.l
33. Potassium 1 .9 .9
34. Selenium
35. Silica 13 13 13
36. Sodium 320 310 310
37. Solids, Dissolved 752 747 750
38. Strontium
39. Sulfate "T7T 8 12
40. Titanium
41. Vanadium
42. Yttrium
43. Zinc
44. Zirconium
45. Radioactivity

Gross Alpha (pel)
Radium 226"

Gross Beta (pel)

thuriiun 230**

Uranium ** —
46. Total Organic Cail)on (T0C)

If 1 CX: >10 mj'/l then in:\r,urc

Dissolved Organic Caihon
Suspended Organic Carbon
Phenols
Sulfate, Acid E.r.l ruction
Nilroj;en, liasv l-xiraction

PoJycyclic Aionatics 1

*^ Required if cross alpha is greater than 4 picocurics per liter (pel).
** Required if gross beta is greater Uian 100 piiocuries per liter (pel)

(a) jet test sample at 1700 ft. 1-28-75
(b) 3.5 hours of piunping at 1700 ft. 2-5-75
(c) 21 hours of pumping after restart 1700 ft. 2-16-75

57,-This page reproduced from Quarterly Summary Report #3
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TABLE II B-29
GUOUNIWATER ANALYSIS

WATER FHCM URILLSJTM TESTS

WATER QUALITY FROM
MINI-PUMP TESTS*

~N Well Number: SG-1A_
Location: SH^Scc. T7~T35~R37tt

Depth: Sec Foo tnote s

Elevation: 64 26

SAMPLES

~"

hlbflW Miy\SlUUD--UNnS(n.n/l) UNLESS NOTED fa) fb) (c)

1. Aluminum
2. Aononin (Njtropcn)
3. Arsenic
4. Barmm
S. Beryllium

6. Bicaihonatc 1632 1727 1418

7. Bismuth

8. Boron 11 4 11

9. Cadmium

}0. Calcium S.2 4.8 E~~

11. Carbonate SB 23 32

37.. Cerium

13. Chloride 111 5 69

14. Chrome, llcxavalent

15. Cobalt

16. Conductivity, Specific fubVcc) Z750 1580 2200

17. Copper
IS. Huonde 19 20 17

"19. Allium
20 . 1 lardnoss • fn-i/) cnCO-. 1

40 32 38

21. Hydroxide
2'. Iron <.05 <.05' <.05
23. Lead

ZA . Lithium .5 .1 .01

25. MarnosiiOT 5.5 3.4 5.2
26. Mmj.'.'inesc

^ l) . Mercury
- ._ ._. '

1

1

"
'l!T7~ Mslyhiii.r.irs I

2 (
). K-ickc]

30. Nitrate 1.3 .9 ._.3
J3-B

——
31. ]M a.JL_ 3J
32. Phbs&hulc, Total

33. Potassium .3 1.3 2.4 1

3*. Selenium
• 35. Sil ica '10 17

460
10

6436. Sod mn 816
37. Solids, Dissolved 1905 1103 1506
38. Stvont iiKi

69. Ruliale 8 12 19
40. Titanium
41. Vanadium
42. Yttrium

1

•13. Zinc

44. Zirconium
45. Kadio.ictivi tv

Gross Alpha U 1C 1)

K<'(; i iirh 22o ;<

Gross beta (pel)
Thorium 231)'"'*

Uranium K *

46. Toiiil Organic Carbon i'1'OC)

If JOC >10 inn/) then measure
Dis:-olved Drj-.anic Carbon
Suspended ()iv..inic (".ii lion

. _.._. -- -

.Phenols
Sullatc, Acid Extinction
i\'i t roi'cn, );.:•-(• i:\1 r.'ict ion
PoivcycJic A >oi:i.i tics

- Required
''* l.'equiii-J

(a)

(b)

(c)

if j;ro>s alpha i.-; y.rc.ncr than «1 picocurics per liter (pel)

.

if j;ross i>ei;i is greater than 100 picocuries per liter (pel)

nST 4 (009-938 feet)
DST 8 (1 125-1180 feet)

DST 10 (968-1010 feet)
56
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'A GfcOLUOlCAl SURVEY
CENfKAL LAHO^AlUKYt UtNVLPt CULOkaDO

n
'/.•ATEH OUAl. I 1 Y ANALYSIS

LAB ID » 63005 KLCOPD m 59525

oAMPLE LOCATION: 0CCY33X-1 (C3-y7-l ) CaDA
STATION ID: 394P5910H1 35100 L A T .LUNG. SEO. : 39A859 1081351 00

DATE OF COLLECTION: f?EGI\'--77U?22 END-- TIMF--2100
STATE CODE: 08 COUNTY CODE: 103 PROJtCT I DEN1 1 F 1 C A T ] UN : A£0tfO6AOO

DATA TYPE: 2 SOURCE: GROUND v.AlER GEOLUblC UNIT: 12AUINT

CO^ v'ENTS:
COLL 8Y GJS

f^

AL^»TOT (AS CAC03)
ALUMINUM DISSOLVED
ARSENIC DISSOLVED
BARIUM DISSOLVED
BICARBONATE
BORON DISSOLVED
BROMIDE
CADMIUM DISSOLVED
CALCIUM DISS
CARBONATE
CHLORIDE DISS
COPPER DISSOLVEn
DEPTH TOP UF SAt-i.KT

PTH BOT. OF SfiM.Fl
LUORIDE DISS

HARDmESS MOmCaR^
HARDNESS TOTAL
IRON DISSOLVED
LEAD DISSOLVED
LI 1 H1UM OlSSOl VFO
MAGNESIUM DISS

MG/L
UG/L
UG/L
UG/L
MG/L
UG/L
MG/L
UG/L
MG/L
K'G/L
MG/L
L'G/L

MG/L
MG/L
MG/L
UG/L
UG/I
UG/l.

MG/L

530
20

1

650
RU

U

u

] 3

u

67
AA )

()

15U
^^u
AU

1

50
1 10

h ANGANE
KEhCUPY
MOLYKUE
N02+N03
N F1EL
RHOS OK
PHUSHHA
HOI ASSI
KFSIDUE
kKSlDUE
SaR
SFLFNIU
S T L 1 C A

SODIUM
SOD] L'M

S p . CON-

SP. CON
STROM 1

SMLF fil

E

v- n f r i

7 INC 01

SE DISSOLVED
DISSOLVED

NU.M DISSOLVED
AS M DISS

D
THQ pis AS P

1 E UI S OR1 HO
UM DISS
UIS C*LC SUM
UlS TON/aFT

m DISSOLVED
DISSOLVED
DISS
PERCENT
UuClANCE FLD
DUCUDCK LAB
UM DISSOLVED
D] SS

EiiP (DFG C)

SSOLVED

UG/L
UG/L
UG/L
MG/L

MG/L
MG/L
MG/L
MG/L

DG/L
MG/L
MG/L

UG/L
MG/L

UG/L

<+0

0.

6

,

8,

0,

U ,

1 ,

1050
1

2

3A

120
?8

155"
15M)
56o0
3b

8

1 10

CAT 1<I"S ANIONS

CALCIUM DISS
MAGNESIUM DISS
POTASSIUM DISS
SODIUM DISS

I MG/L)
b9

1 10

1 .0

120

(Mr U/L)
A. A<+2

9

5

Ph9
26

22

TOT AL ] tt . 7 J 5

b FCARPO-vw TE
CAKBONA TE

CHLORIUE DISS
FLLiORIuE. DISS
SULFATE DISS
NU2+NU3 AS N U

(mg/L)
650

'J

13

360
1

3

(ME 'J/

1 r
(•

0.(
P. ?

U.I

7. a

O.f

I T A L ) a.

r>

PFPCLMl DIFI-EhKaicE = n.57





r* CENTRAL LABORATORY, DENVER. COLORADO

WATER QUALITY ANALYSIS
LAB ID U 63UU6 RECORD » 59528

JTPLE LOCATION: OCCY 33X- 1 ( C3-97- 1 CaDA)
_.at10n id: 394859108135100 l at .long. seo. 1 394859 1081351 00

date of collection: beg i n-- 7 70228 end-- time— 1830
state code» 08 county code: 103 project identification: 460806400
data type: 2 source: ground water geologic unit: 124grrv
comments:

coll by gjs

ALK,fOT (AS CAC03)
ALUMINUM DISSOLVED
ARSENIC DISSOLVED
BARIUM DISSOLVED
BICARBONATE
BORON DISSOLVED
BROMIDE
CADMIUM DISSOLVED 1

CALCIUM DISS
CARBONATE
CHLORIDE DISS
COPPER DISSOLVED
DEPTH TOP OF SAM. FT

JJgTH BOT. OF SAM.FT
fAJORIDE DISS
" RDNESS NONCARB
HARDNESS TOTAL
IRON DISSOLVED
LEAD DISSOLVED
LITHIUM DISSOLVED
MAGNESIUM DISS

MG/L
UG/L
UG/L
UG/L
MG/L
UG/L
MG/L
UG/L
MG/L.
MG/L
MG/L
UG/L

MG/L
MG/L
MG/L
UG/L
UG/L
UG/L
MG/L

360
20
7

200
439
190

0,

20

6

67
957

6

140
20

40
21

MANGANESE DISSOLVED
MERCURY DISSOLVED
MOLYBDENUM DISSOLVED
N02+N03 AS N DISS
PH FIEl D
PHOS ORTHO DIS AS P

PHOSPHATE DIS ORTHO
POTASSIUM DISS 1 .

RESIDUE DIS C&LC SUM
RESIDUE DIS TON/AFT
SAR
SELENIUM DISSOLVED
SILICA DISSOLVED
SODIUM DISS
SODIUM PERCENT
SP. CONDUCTANCE FLD
SP. CONDUCTANCE LAB
STRONTIUM DISSOLVED
SULFATE DISS
WATER TEMP (DEG C)

ZINC DISSOLVED

UG/L 10

UG/L 0.0
UG/L 11

MG/L 0.01
8.3

MG/L 0.03
MG/L 0.09
MG/L. . 0.3-
MG/L 627

0.85
6.7

UG/L 1

MG/L 22
MG/L 180

7U
945
9 75

UG/L
'

3 7

MG/L 150
15.5

UG/L 80

CATIONS ANIONS

CALCIUM DISS
MAGNESIUM DISS
POTASSIUM DISS
SODIUM DISS

(MG/L)
20
21

0.3
180

(MEQ/L)
0.9V8 BICARBONATE

TOTAL

1 .728
0.008
7.830

10.5b3

CARBONATE
CHLORIDE DISS
FLUORIDE DISS
SULFATE DISS
N02+N03 AS N D

(MG/L)
439

6

6

150

2

2

01

(MEQ/L)
7. 196

000
175
327
123
001

TOTAL 10.H20

PERCENT DIFFERENCE = -1.20

n





Gl Ol UG i C.AL aUKVEY
CENTRAL LABORATORY, DENVER. COLORADO

WATER QUALITY ANALYSIS
LAB ID tt 74024 RECORD H 60815

LOCATION: OCCY- 33X-1 (C3-97-1 CADA)

N ID: 394859108135100 L AT .LONG. SEO. : 394859 108)351 00

F COLLECTION: BEGIN—770306 END-- TIME--1630
CODE: 08 COUNTY CODE: 103 PROJECT I DENT I F 1 CAT I ON : 460806400
YPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 124GRRV
TS:
BY SHS FOR CJS

ALKtTOT (AS CAC03)
ALUMINUM DISSOLVED
ARSENIC DISSOLVED
BARIUM DISSOLVED
BICARBONATE
BORON DISSOLVED "-

BROMIDE
CADMIUM DISSOLVED
CALCIUM DISS
CARBONATE
CHLORIDE DISS
COPPER DISSOLVED
DEPTH TOP OF SAM. FT
QgJH BOT. OF SAM. FT
fXJWIDE DISS
* DNESS NONCARB
HARDNESS TOTAL
IRON DISSOLVED
LEAD DISSOLVED
LITHIUM DISSOLVED
MAGNESIUM DISS .

MG/L
UG/L
UG/L
UG/L
MG/L
UG/L
MG/L
UG/L
MG/L
MG/L
MG/L
UG/L

MG/L
MG/L
MG/L
UG/L
UG/L
UG/L
MG/L

1130
50
20

500
1380
760

1

7

6

1

67
1310

17

4 A

70
6

20
5.7

MANGANESE DISSOLVED
MERCURY DISSOLVED
MOLYBDENUM DISSOLVED
N02+N03 AS N DISS
PH FIELD
PHOS ORTHO DIS AS P-

PHOSPHATE DIS ORTHO
POTASSIUM DISS -

RESIDUE DIS CALC SUM
RESIDUE DIS TON/AFT
SAR
SELENIUM DISSOLVED
SILICA DISSOLVED
SODIUM DISS
SODIUM PERCENT
SP. CONDUCTANCE FLD
SP. CONDUCTANCE LAB
STRONTIUM DISSOLVED
SULFATE DISS
WATER TEMP (DEG C)

ZINC DISSOLVED

UG/L
UG/L
UG/L
MG/L

MG/L
MG/L
MG/L
MG/L

UG/L
MG/L
MG/L

UG/L
MG/L

UG/L

20
0,

18

8

0,

0,

0,

1290
1

36
1

9

530
96

2070
1940
1400

?A
21

130

02
2

03
09
9 •

75

CALCIUM DISS
MAGNESIUM DISS
POTASSIUM DISS
SODIUM DISS

CATIONS

(MG/L)
7. A

5.7
0.9

530

(MEQ/L)
0.370

23

469
024
055

BICARBONATE
CARBONATE
CHLORIDE DISS
FLUORIDE DISS
SULFATE DISS
N02+N03 AS N D

ANIONS

(MG/L)
1380

6.6
17
24
0.02

TOTAL 23.916 TOTAL

(MEO/L)
22.619

"2^7200

PERCENT DIFFERENCE = -0.59

o





GEOLOGICAL SURVEY
CENTRAL LABORATORY, DENVER, COLORADO

WATLR OUALITY ANALYSIS
LAB ID n 74025 RECORD. # 60818

CO

LE LOCATION: OCCY 33X-1 (C3-97-1 CADA)

ION ID: 394859108135100 L AT .LONG . SEO . : 39^859 1081351 00

OF COLLECTION: BEG I N--7 7031 1 END-- TIME--1430
E CODE: 08 COUNTY CODE: 103 PROJECT IDENTIFICATION: 460806400
TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 124GRRV

ENTS:
LL BY GJS

ALK»TOT (A

ALUMINUM D

ARSENIC DI
BARIUM DIS
BICARBONAT
BORON DISS
BROMIDE-. -

CADMIUM DI
CALCIUM DI
CARBONATE
CHLORIDE D
COPPER DIS
DEPTH TOP
OgJH BOT.

f ^ORIDE D
* -DNESS n

HARDNESS T

IRON DISSO
LEAO DISSO
LI THIUM DI
MAGNESIUM

S CAC03)
1SSOLVED
SSOLVEO
SOLVED
E

OLVED

SSOLVED
SS

1SS
SOLVED
OF SAM.
OF SAM.
ISS
ONCARb
OTAL
LVED
LVED
SSOLVFD
DISS

FT
FT

MG/L
UG/L
UG/L
UG/L
MG/L
UG/L
MG/L
UG/L
MG/L
MG/L
MG/L
UG/L

MG/L
MG/L
MG/L
UG/L
UG/L
UG/L
•MG/L

1050
50
30

600
1280
780

0,

11

7.

t*

67,
1621

15

70
430

30
9

MANGANESE DISSOLVED
MERCURY DISSOLVED
MOLYBDENUM DISSOLVED
N02+N03 AS N DISS
PH FIELD
PHOS ORTHO DIS AS P

PHOSPHATE DIS ORTHO
POTASSIUM DISS
RESIDUE DIS CALC SUM
RESIDUE DIS TON/AFT
SAR
SELENIUM DISSOLVED
SILICA DISSOLVED
SODIUM DISS
SODIUM PERCENT
SP. CONDUCTANCE FLD
SP. CONDUCTANCE LAB
STRONTIUM DISSOLVED
SULFATE DISS
WATER TEMP (DEG C)
ZINC DISSOLVED

UG/L
UG/L
UG/L
MG/L

MG/L
MG/L
MG/L
MG/L

UG/L
MG/L
MG/L

UG/L
MG/L

UG/L

10

ul
0.01
8.3
0.04

1240
1

27
3

11

500
94

1950
1850
2100

54
21

90

12
9

69

CALCIUM DISS
I MAGNESIUM DISS
1 POTASSIUM DISS

SODIUM DISS

.'

CATIONS

(MG/L)
11

9.7
0.9

500

TOTAL

(MEO/L)
0.5<+9

21

798
024
750

23. 120

BICARBONATE
CARBONATE
CHLORIDE DISS
FLUORIDE DISS
SULFATE DISS
N02+N03 AS N D

PERCENT DIFFERENCE 0.01

o

ANIONS

(MG/L)
1280

7.9
15
Su
0.01

(MEO/L)
20 .980

.000

.223

.790
1 .125
.001

TOTAL 23,1 17





CENTRAL LAHOKAlUKYi DENVER* COLORADO

SI

DA
51

DA
CD

V Alt tf UUnLll Y ANALYSIS
LAb ID u hlU21 KECORD « 62U13

mPlE LOCA-11UN: UCCYJ3X-MC3-V7-1 ) CaDa
aUON ID: 39AA591081351 00 L AT .I.UNG-SEO. : 394b59 108135] 00

IE OF COLLECTION: BEGIN— 7 7U31 7 END-- TIME--0B0
AlE CODE: 08 COUNTY CODE: 103 PROJECT IDENTIFICATION: A60P06'*00
1A TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT! 124GRRV
mmlnts:
LULL IrY GJ5

o

AL^» 101 ( aS
ALUMINUM 1

ARSENIC D15
BARIUM DISS
Bl L'/W^OUA |E

BORON ulSSU
BkUSliJt
cadmium 1

s

CaLCIum uis
CARbDNnTE
CHLORIDE 01
COPPER DISS
DLPTm TUP G

PI H nOT .

L UuPJl'E 01
.lA-^U'vlESS NU
MARD-mESS TU
IKON DISSUL
LtAD DISSOL
Lll"lUh 01

S

CACU3) MG/L 2060
5 SOLVED UG/L 680
SULVEO UG/L 25
l»LVEP UG/L 1200

NG/L 2510
LVED UG/L 1 oou

Mb/L
buLVFO UG/L
S MG/L 1

1

MG/L
S5 MG/L 32
OLVEn UG/L 1

F SA'-.FT. h ?

F SAP. FT. 2078
5S MG/L 2A
IvCARB MG/L
TaL MG/L 7b
VtD uG/L 190
VED uG/L
SULVFO UG/L 50
iss MG/L 1 1

MANGANESE DISSOLVED
MERCURY DISSOLVED
MOLYBDENUM DISSOLVED
NITROGEN NHA ASN DIS
N02*N03 AS N DISS
P H FIELD
PHOS OPlhO DIS AS P

phosphate DIS oRTHO
P01 aSSIum diss
RES1UUE UIS CALC SUM
RESIDUE DIS TOij/aFT
Sap
selenium dissolved
silica dissolved
SODIUM OISS
SODIUM PERCENT
SP. CONDUCTANCE FLO
SP. CONDUCTANCE LAB
STRONTIUM DISSOLVED
SULFATE DISS
watEP T£mP (DEG C)

/INC DISSOLVED

UG/L
DG/L
UG/L
MG/L
MG/L

MG/L
MG/L
MG/L
MG/L

UG/L
MG/L
PG/L

UG/L
MG/L

UG/L

30

2

28

7

2

2360
3

51

2

l«
100

97
3900
AO^O
830
21

29.0
10

02
u

OA

12
5

21

CALCIUM DISS
MAGNESIUM DISS
POl ASSil'M DISS
SOJloM DISS

CAT 1 DNS

(K(,/L1 (f-.LO/L)

1

1

.5 '+9

11 0.905
2-5 . ObA

1000 <43.5U0

8 1 CARHONAT E

LAkPONA TE
CHLORIDE DISS
FLUORIDE DISS
SULFATE DISS
NO2+N03 AS N

ANIONS

(MG/D
2510

32
2A
2]

0.02

IMFO/I
41.13

9C
2(

t.

TOTAL A 5. 1

6

TOT AL ^3.7^

o
PEPCtNT UlNLNhMCt = l.AA
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consuLTinG associates

TO: J.J. Hill

FROM: D.O. Cox

DATE: June 9, 1977

SUBJECT: Vertical Permeabilities

Per our conversation earlier this afternoon, I am sending you

the Summary of Vertical Permeability Estimates, Tract C-b. This

enclosed table is as complete as I could make it on short notice; 1 do

not believe any prominent estimates of vertical permeability have been

excl uded

.

'MK

DOC/vpm

Enclosure

cc: R.E. Thomason S

817 SEVeflTEEriTH STREET SUITE6IO DEnVER.COLORRDO 802CV2 (JOJ1625-8706





ZONE OR TEST

Mahogany

VERTICAL
3CONDUCTIVITY (10 ""ft/day)

1-35

VERTICAL PER-

MEABILITY (md)

0.5

ASSUMED

THICKNESS (ft),

100

Ml N- 10 0.27 0.1

UMAPT 0.*426 0. 155 lCO-';

LMAPT

MIN-'i

Mltl-6

Ml M-8
MlfJ-10

Mahogany

0. 156

0. 123

0.0305
0. 127

0.0*426

0.0590

1.96

0.0393
0.0377
0.0877
0.3^
0.688

0.00160

^•55
0.00306

0.273

<0.0005

0.057 1

00-'-

n.0^5 100"

0.029 100*

0.0*40 100"

0.016 100*

0.022 100*

0.715 100';

0.01-4 100*

O.C32 100"

/.03-: 100*

0.125 .
100-

0.251 loo-

O.OOC53 5

1.66 6

0.001 16 t

0. 101 6

:0.000l8

MIN~*4 0.635 0.25 5*

MIN-6 0.*493

MIN-8 1.6*45

Ml N- 10 0.658

DST-8 1*4*47
( 115*4)

DST-9 710 ( 2012)
DST-1

1

3380 ( 15,872)
CST-12 2231 ( 1*480)

DST-15 1 258)
DST-1

7

7338 ( 20,526)
DST-18 7895 ( 13,68*4)

DST-20 732 ( 5533)

DST 1-1 27*4 l^660)
1-2 5208? : 60)
1-3 1 12 ['2.7)

*4l (<2.7)
l-*4 2.7 (?)

2-2 hi (8770?)
3-2 <2.7 (?)

3-3 (2.7?)
3-4 <2.7 (?)

3-5 <2.7
3-6 16 fl.O

0. 10

o.S
C2*4

523 ( k2\)

2 r
»3 ( 7:*o

1233 ( 5790)
31*4

( 5*40)

2695 ( 7*^33)

2380 ( ^992j
267 1 20*4 2)

-100
; 1 700)

900? !
22)

*4l
( < 1)

15 ( < 1)

<l (?)

17 (3200V)

<l f -M

(i?)

<1 (?)

<1

<; (i.3)

O"





ASSUMED

JKMESS (ft) REFERENCE COMMENTS

ICO-'-'

loo-

loo-
100-^

100-

100-

100*

100-

100*
100"

100"

100-

1 00*

USGS Professional Poper 308
Pg . 66

Quarterly Summary Report #3

Pg. 73

Quarterly Summary Report Hh

Pg. 61

Quarterly Summary Report iiU

Pg. 65

3ased on numerical si>nula:ion

between the upper and lower aquifers

Based on finite clement simulation

Based on Leal.y Aquifc Type Curv

Matching AT- la

AT-lb

A T - 1

C

AT- Id

SG _
j

SG-10*

SG-1 1

AT-lc (#1)

AT-lc ($2)

AT- Id

s r.-b ;>i)

SG-' v 72)

5G-I0

5*

Quarterly Summary ReDort US
Pg. 17

Golder, Vol . II IA, pg. 2-31

Based on Kr i shnamur th. i mede 1 I i r n

of UMAPT jsing the method or ileuman

•=na W i therspcon

Based on Leaky Aquifer Type
Curve Matching

6-.v

Golder, Vol . MIA, pg. 2-55 MethcG of interpretation obscure;
values given are for "innuius

injection (ste'i injection) rasults

Golder, Vol . II IA, pg. 2-3

3

Mul r. ipackcr t^sts; interpreted nth
finite element method simulation;
values ciiven ore k ,(k , -)

va- 1 vl -2





*\

ZONE OR TEST CON

SUMMARY OF VERTICAL PERMEABILITY ESTIMATES - TRACT C-b / PAGE

wprtitai PER- ASSUMED
VERT ' CAL

,, n-3 f w, 1 MFAB ILITY (md) THICKNESS (ft) REFERENCE
DUCTIVITY (10 ^ft/day) HF.AB I L I I T \mai

Uinta
Pentz
Upper Prol if 1 c

Mahogany
Lower Prol if 1 c

Leached Zone

MIN-A
MIN-6
MIN-8
HI N- 10

Mahogany

93
2.7

8.2 3 275

0.3 °- ]
h5

58 21 120

8.2 3 560

3^ 58O Golder, Vol

1 100

<0.2

0.6
< 0.06 <-02 6

<05 5 ECA Subsurfai

2 6 Tract C-b, T«

0.6

<.0l

.2 6

< .00^4 78 ECA, Unpubli

^Assumed for purposes of this table - no thickness reported by reference

r\





TY

ASSUMED
THICKNESS (ft) REFERENCE

O
ESTIMATES - TRACT C-b / PAGE TWO

580

100

275

^5

120

560

5

6

6

6

78

ference

n

n

Golder, Vol . II IA, pg. 6-^

ECA Subsurface Hydrology
Tract C-b, Table 1

ECA, Unpublished

COMMENTS

Values used in modelling; based on
subjective picture of aquifer
system and numerical simulation
of the infiltration hump on the
tract

Based on Leaky Aquifer Type
curve analysis; all values are
order of magnitude estimates

Based on analytic multilayer
model 1 ing of UMAPT
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eOERGK

consuLTinG associates

MEMORANDUM

TO: J.J. Hill

FROM: D.O. Cox

Date: June 9, 1977

Subject: Hydrology

Per our discussion June 7, I am transmitting the estimates of

permeability for wells 32X-12 and 33X-1 by zone. The aquifer numbering follows

that established in our letter of May 19.

The assigned permeabilities have been computed from the t ransmi ss i v i t i es

and thicknesses estimated from the pump/spinner tests in early May.

Enc 1 osure
DOC/vpm

CC : R.E. Thomason

817 SEVEnTEEDTH STREET SUITE6IO DEflVER.COlORflDO 807CV2 (3051695-8706





C-b Tract Wei I 32X-12 C-b Tract Wei I 3 3 X
- 1

Aqu i f er Assi gned Aqui f er Ass i gned

No. Pcrmcab i 1 i ty (md) No. Pcrmcab i 1 i ty (md)

1 15 1 ?

2 75 2 ?

3 30 3 ?

k 130 U 90

5 1600 5 . 130

6 ^00 6 260

7 725 7 80
8 260 8 550
9 260 9 190
10 190 10 \k0

11 210 1 1 260
12 280 12 75
13 85 13 75
1A 100 ]h 100

15 75 15 100

16 \ko 16 710
17 550 . 17 250
18 825
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Safety and Health Program- C-b Site

The program of Safety and Health of the employees at the C-b site will be

one that will comply with all Federal and State Safety and Health standards
as per the Federal Metal and Nonmetal Mine Safety Act administered by the

Mine Enforcement and Safety Administration (MESA), and as per Bulletin 20

administered by the Colorado Division of Mines. Local and Company (Occidental)

health and safety requirements will also be an intregal part of the program.

Health studies will be conducted and kept up-to-date in the interest of the

health conditions of the employee that may be encountered in the development
of the oil shale industry.

A. Personnel - Following are staff levels required for the peak level of the

permanent work force.

1. Safety Manager -, overall direction of Health and Safety Program.
2. Safety Inspectors and inspector for industrial hygiene, dust

control, noise control, and toxic gas control. Technicians,
clerks, and other required personnel Will be in the department.

3. E.M.T.'s - at lease 8 qualified E.M.T.'s per shift.
4. Safety Training Supervision for all safety requirements will be

kept current.

B. Inspection and Monitoring will comply with all Federal, State, local and
company Health and Safety regulations.

C. Program

1. Daily safety contacts/between Supervisor and employees.
2. Weekly crew safety meetings/between Supervisor and employees.

General ly five to ten minute meetings on a specific subject.
3. Monthly department meetings - Monthly meeting of entire

operating department personnel. Meeting conducted by department
head and supervisors.

4. Monthly supervisors safety meeting - Monthly safety meeting
of plant supervisory staff.

5. Monthly manager-employee safety committee meetings.

II. Medical Facilities - Commercial Phase

A.

1. Ambulance - Surface - Three fully equipped gasoline powered
ambulances to transport injured personnel to hospitals in

Rifle or Meeker.
2. Air ambulance service for more critically injured personnel

to Grand Junction and/or Denver.

B. Ambulance - Underground - One fully equipped diesel powered ambulance
on each level of the mine. These ambulances can be hoisted to the
surface if the need arises.

C. First Aid Rooms - Underground - Each level of the mine will have
at least one fully equipped first aid room for initial treatment.
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professionally staffed emergency room. This facility will be

equipped comparable to a larger hospital such as Grand Junction.

Full time staff one/two doctors and ten nurses.

II. Health Program

A.' Industrial Hygienist wil 1 supervise program.

B. Dust, toxic fumes, diesel exhaust for air quality will be periodically
monitored for control of environment as per Federal and State require-

ments.

C. Noise Control: measurements and feasible engineering studies.

D. Hearing Conservation Program. >.

E. Respirator program.

F. Carcinogen Control Studies program. In off-gases, process water and

product oil

.

IV. Ground Control (Maintaining a safe back and ribs)

Drift size, especially height, has influence on use of rock bolts to safely

control the back.

Based on ground conditions, procedures for ground stabilization and types

of support will be developed and selected. Rock support systems such as

resin rock bolts, grouted bolts, conventional bolts, shot crete, etc. will

be investigated to determine the best system.

V. Fire Prevention and Control

A. Mobile fire fighting equipment and for surface complete hydrant and

turbet nozzle layout will be provided.

B. Underground mobile and stationary diesel operated equipment and

some electrical equipment will have automatic fire suppression
systems and carbon monoxide monitors.

C. Conveyor belts will be flame resistant belting and have automatic
fire suppression systems at specific points.

D. Underground fire water system will be provided.

E. Fire extinguisher program will include hand operated dry chemical,
mobile foam and dry powder combination units. Foam units will be

provided for process oil installations.

F. Organization of underground fire brigade made up of self-contained
oxygen breathing units, including trained personnel will be available
on all levels and on surface.

^S
VI. Mine Venti lation

A. Adequate ventilation control will be provided for all working areas.
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horsepower. Ventilation in excess of this flow will be provided. 100 ft/min

vel. of air in all headings will be provided for dust control, etc.

Dust suppression and control through use of water and chemicals will be

provided. A stringent air sampling program will be employed as noted in

Section III.

C. Process gas control: continuous sampling of areas by monitors for toxic

gases and retort pressures will occur.

VII. Man Hoisting - Hoisting standards apply to those hoists and appurtenances
used for hoisting men, but where men are endangered by hoisting rock or

material, the appropriate safety guidelines will be used. Many new re-

quirements for installation, maintenance and operation of hoisting equipment
have been established through promulgated safety standards. Close safety

monitoring will be required. Regular inspections wi 1 1 be made and records

kept. Automatic hoists will be in full compliance with all safety standards.

VIII. Emergency Mine Evacuation Procedures and Escapeways

A. Establish and keep current a plan of mi ne .evacuation through current
and marked escapeways.

B. Install Stench Warning System through ventilation systems and air lines.

C. Educate and train employees in mine evacuation and procedure.

"N

">

D. Refuge chamber will be in place while second openings or escapeways
are developed.

E. Ample, appropriate oxygen breathing apparatus will be maintained and
crews trained for emergency purposes on all levels and on the surface.

IX. Electrical Equipment

A. All electrical equipment will be installed, maintained, and used to
conform to the National Electrical Code.

B. Permissible electrical equipment will be required in special restricted
areas, i.e. process gas and oil control machinery.

C. Special underground and retort equipment repair procedures will be used
by maintenance and repair personnel.

X. Explosives (Blasting Agents)

A. The type of explosives used depends upon the retort configuration. Large
volumes can possibly be mixed at the hole similar to larger open pit mines.
(However, safe handling equipment shall be developed and a variance applied
for from standard 57.6 - 220 which states ammonium nitrate fuel oil

blasting agents shall not be mixed underground.)

B. Storage facilities will be controlled according to the type of stringent
control for explosives or blasting agents used.
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C. Close control of transportation, storage, and use shall be required

^S. at all times.

XI. Haulage and Drilling Equipment

A.' Diesel fumes shall be strictly controlled through use of scrubbers.

B. Roll over protection and fire suppression systems shall be installed on

all diesel operated mobile equipment.

C. Ventilation requirements in all headings shall meet all requirements
for gases and fume control

.

D. Conveyor belts underground shall be closely controlled for safety.

E. Underground fuel storage and dispensing areas are possible but will

require special permits for large quantities of diesel fuel.

XII. Variances and Permits

A. Variances from safety standards to permit use of fire underground to

store larger quantities of diesel fuel underground, and to allow
increased hoisting speecfewill be required and closely monitored.

An efficient health program and an effective safety program will require more'

components than are in the above listings. The listings are general outlines.
^^v Additional attention will be included in day-to-day safety programs. Accepted

principles of accident prevention have been adopted by Occidental Oil Shale,
Incorporated, and these principles shall be adhered to by all personnel. In-

cluded as an exhibit is a copy of "Safety Rules!! Oil Shale Modified In Situ

Mining and Retorting Operations" of Occidental Oil Shale, Inc. /Colorado.
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CD Shale Oil venture
•V 2372 G Rood- P.O. Box 2687

jrand Junction, Colo

(303)242
fflHSftjafeL.

cidental Oil Shale, Inc.

Operator

Ashland Colorado Inc.

July 8, 1977

;\_ceived

JUL 1 11977

OFFICE OF

/!.._. i L'l_ 0....__ -. ..',.vUlt

Mr. Peter A. Rutledge
Area Oil Shale Supervisor
U.S.G.S. Conservation Division
Mesa Federal Savings & Loan
131 N. 6th, Suite 300
Grand Junction, Colorado 81501

Dear Mr. Rutledge:

The attached summary report from R. D. Ridley is for your information.
It is in response to your questions concerning the shipping/market
alternatives available for shale oil production occurring during the

ancillary phase of Tract development. Production from the two retort
cluster will occur mostly in the first three quarters of 1981. Pro-

duction from the four retort cluster will occur mainly in the first
three quarters of 1982. As such production during this phase will not

be continuous or at a constant level. The level of production and
total quantity also depends on the retort design finally selected.

yery truly yours,

C-b^SHALE OIL VENTURE

R. E. Thomason
Manager, Leasehold Development

RETipmr

Attch.

cc: R. D. Ridley
R. A. Loucks
R. J. Fernandes

n^r>7- n >lo
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DXY INTER-OFFICE MEMORANDUM

-Hbr"
to: Bob Thomason date: j u iy 6, 1977

from: plX D. Ridley country:

subject: Oil Production from Ancillary Facilities

We have conducted several marketing studies through Purvin & Gertz and

are in a position to project where oil shipments will ultimately go from
the C-b operation; however, we did not consider production from an

ancillary facility in these studies. Our present thoughts are that

this oil will be marketed by one of several alternatives.

One of the significant markets for shale oil is the refining market in

the Salt Lake City area. Chevron has a pipeline from Rangely to Salt

Lake with an estimated spare capacity of at least 25,000 barrels per day;

therefore, one alternative is the trucking of oil from the C-b site to

Rangely to be placed in the pipeline for shipment to Salt Lake City. The

route from the C-b site would be down the Piceance Creek road to the

highway at White River and then west to Rangely.

A second alternative is the shipment of oil by unit or tank train from
the Rifle area. The Denver and Rio Grande Railroad has sidings at Rifle
and 7.1 miles east at the town of Silt. They do not anticipate any
difficulty in making a siding available to handle at least 5 or 6 cars

at a time, but might have to add trackage for greater shipments. If

this alternative is chosen, the oil would then be shipped by truck
from the C-b site to Rio Blanco and then from Rio Blanco to Rifle or

Silt. From this loading point the oil could be shipped west to Salt
Lake City or east to a variety of locations.

A third alternative being considered is the trucking of the oil to a

point along the Marathon (Platte) Pipeline — possibly at Casper, Wyoming,
The oil will be placed in storage there until sufficient size batches
are accumulated to pipe the oil through that system to markets in the

Midwest. Marathon's system terminates at Wood River, Illinois, while
oil can be shipped by other pipelines from there to other points in the

Midwest

.

I hope this will answer your question from the Department of Interior.
At this point we are not envisioning any pipeline construction in

relation to shipping the oil from the C-b site for the ancillary pro-
duction. In order to calculate the number of trucks that will be used
to take the oil offsite, you can assume the capacity of each truck at

160 barrels. The tank train or unit train capacity 1S 23,800 gallons
per car, or 567 barrels.

RDR:ca

cc : Bob Fernandes
Bob Loucks
George Ogden













POST-OP ERATIONS

'[Abandonment Plan)

Because the shale oil complex is expected to have an operating life of about

60 years, it is difficult to predict at this time the disposition of the facility

after the recoverable oil shale reserves beneath the Tract have been depleted.

The disposition of the complex at that time will depend upon a variety of factors

including:

i

- the future profitability of shale oil and associated secondary

products.
- potential changes or modifications to current retorting

technology.
- the feasibility of retorting the shale from the Tract's zones,

below the L-4 zone.
- the value of the complex to other reserve holders.
- the extent of the oil shale industry at that time.

Alternate methods of disposal may include a sale of the facility, or dismantling
the facility. Because of the range of possibilities, it would be misleading to

state that any particular alternative is viewed as more probable than the others

at this time.

If the plant complex is sold and the buyer assumes the Lease obligations, the

Lessee would seek to obligate the buyer to assume responsibility for maintaining
the raw shale embankment and catchment dams. Assuming that the plant is not sold,
the Lessee has developed plans for dismantling the facilities. These plans, in

general, will apply equally to any early or planned termination or completion of

the project, insofar as activity to the date of termination requires specific de-

commissioning procedures. Specific plans for decommissioning each component of

the plant are summarized below.

1. Surface and Underground Facilities

After the operation of the facility is terminated, a multi-phase rehabilitation
program will be implemented. The first phase will be to remove salable items.

All vessels, pumps, compressors, aboveground pipe, structural steel facilities,
steel tanks, building, and other salable items will also be disassembled and

removed- from the site. The disposition of roads, in particular paved roads,

will be resolved with the Federal, State and local authorities to the point that

they might serve future area use. This may involve sale or dedication and re-

lease to other authorities.

Non-salvageable items remaining after the first phase will be knocked down and
broken up during the second phase. Block or concrete buildings and concrete
structures will be broken up and leveled close to grade. High concrete structures
and foundations will be topped off. All hard-surface paving such as asphalt or
concrete will be broken up in place. Underground pipes and culverts will be

flushed, drained and plugged, and left in place. Hoisting equipment and head
frames will be dismantled and removed from the Tract. The mine shafts will be
backfilled as necessaryto secure them safely. The areas will be graded and
revegetated to conform with surrounding terrain.

Underground works and retired retorts will be stabilized. Depending on the
management technique developed to accomplish groundwater quality stability,
the underground workings may eventually be allowed to refill with water.





The third phase will consist of earth-moving operations. Earth will be removed
from the fill area at the facility site. All foundations, knocked-down concrete
rubble, and broken-up paved areas will be covered with a plant growth medium to

create a proper root zone for vegetation and to prevent subsequent weathering
from uncovering rubble piles. After being broken up, paving will be covered

over with at least one foot of earth. Treatment ponds and ditches will be filled.

The earthen dikes surrounding tanks will be leveled. Benches, sidehill cuts and

fills will be smoothed out or filled in to create a contour effect. The facing

of reinforced-earth retaining walls will be removed. Concrete retaining walls

will be demolished. Knolls will be rounded and sidehill slopes will be graded

to appear much like the adjacent natural terrain.

The last phase will be revegetation. During the earthwork phase, the ground will

be slightly furrowed or ponded to capture natural precipitation. The regraded

surfaces will be covered with a plant growth medium.

2. Conveying . and Material Handling Facilities

All mechanical items will be removed from the Tract. Buildings will be demolished

and leveled to existing grade level. Concrete structures and storage silos will

be demolished and leveled. Earth moving will be performed to return the graded

areas as close to their original contours as practicable. The conveyor belt

foundations will be covered with earth. Roads will be broken up and covered with

earth, the side ditches will be filled and the landscape will be rounded. The

rubble piles created by knocking down buildings and silos will be dispersed,
covered with 18 inches of plant growth medium and the fill rounded to conform with

the terrain. This fill will probably come from the original disturbed site. Areas

receiving fill will be revegetated.

3. Off-tract Facilities

Buildings, tanks, high pressure vessels, utilities, pipeways, loading racks, rail-

road spurs and other off-tract facilities will either be sold in accordance with
mine supervisor's approval or dismantled and everything above grade will be removed
from the site. Foundations will be knocked down. Asphalt roads and railroad road

beds will be obliterated, regraded and revegetated.

Underground piping inside the facilities will be flushed, drained and plugged,

and left in place. The underground pipelines from the plant will be plugged at

each end and left in place. A plant growth medium from the original area will

be spread over the facilities site and the area will be revegetated with proven
plant materials for this specific site.

4. Off-tract Water Diversion Facilities

All facilities will either be sold in accordance with the mining supervisor's
approval or removed, including the river water intake structure, low-head and

high-head pumps, grit chamber, settling basins, buildings, fencing and access
roads. After removal of all equipment and structures, the site will be restored
as nearly as practicable to its previous condition. The underground lines will

be plugged and left in place. It should be understood that this post operation
may not coincide with other post operations because water augmentation may con-

tinue for some time after termination of the oil shale recovery operation.





5. Roads

Roads sold or not turned over to other jurisdictional authorities will be re-

habilitated by the removal of asphalt, any gravel surfacing, retaining structures,
culverts, drainage structures, guard rails, signs and other structures, and then

graded to restore natural drainage patterns and revegetated.

6. Dams
i

There is a substantial possibility that the Lessee may sell or turn over the dams

to the government or to local conservation or industrial interests. If the dams

are not released, the Lessee will either leave the dams as permanent drainage
control structures, in accordance with appropriate government approvals and per-

mits, or the dam site will be reclaimed as discussed below.

Exposed metal work will be removed and salvaged. The concrete and rock fill

material used for construction of the dams will be excavated, placed and com-

pacted at the borrow area or removed to the disposal area if there is an excess.

The embankment material will be excavated only to the original ground line so

that a smooth transition from natural ground to the ground under and behind the

dams is provided. Spillway areas will be replaced with rock and fill material

removed from the dam. Even though this replaced material is to be compacted,

it is anticipated that because of swelling, excess material will remain. This

excess material will be graded to contours that will blend with adjacent undis-

turbed areas. Regraded areas will be sloped to the drainages. Roads used

during the operation of the dams and those developed for removal of the dams

will be obliterated by recontouring.

All graded areas and areas changed by construction activities will be restored
as nearly as possible to their original condition. All vestiges of construction
within the project area will be removed so that the project area can be restored
to near its original condition. The regraded area will then be revegetated.

7. Raw-Shale Embankment

Lessee will develop a revegetated, stable surface on the raw-shale embankment
which will be as resistant to local forces of weathering and erosion as is the
surrounding soil. Under these circumstances, it will not be necessary to develop
a permanent maintenance plan for the embankment. If for any reason longer main-
tenance is required, permanent maintenance plans or alternate disposal methods
will be implemented as appropriate. Details of raw shale revegetation are dis-

cussed in Erosion Control and Rehabilitation Plan, III.E.- Areas with coarse
rock fill, concrete and asphalt rubble will also follow this plan.

8. Revegetation

All disturbed surface areas other than thos descri bed above (7. Raw-shale Em-

bankment) will be revegetated in accordance with the general procedures described
in Erosion Control and Rehabilitation Plan, III.D.

9. Post Operations Monitoring

According to conditions existing at the time operations are completed and any
trends established by the operations monitoring data, monitoring will continue
in particularly sensitive areas. The post operations monitoring plans will be
determined just ahead of that time in accordance with annual analysis of sensi-
tive monitoring data and mining supervisor's recommendations.
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R ETORT STABILIZATION

The stabilization of retorts following completion of their production phase wi 1

1

be a regularly occurring activity. The production plan will be further refined
to optimize utilization of gases and heat which continue after oil production is

completed. These gases will continue to vent into the gas system, will be utilized
and treated in the normal course of operations. The main environmental concern is

the relationship of spent shale contained in the retired retorts and the aquifer
system which ^he retort intersects.

,

An investigation has been designed to determine the effect of spent shale contact
on water quality and to be able to predict the resulting potential for change in

the quality of groundwater. Results of this investigation integrated with other
background monitoring data on ground water, mineralogy of spent shale, rock mechan-

ics and subsidence will be design engineering criteria for the stabilization manage-

ment employed. Stabilization management may involve removal of water for a period
of time, quality monitoring, and treatment to upgrade the quality to a level suit-

able for discharge. Allowing retorts to refill, or planned refilling with water
and subsequent holding will be considered, and the hydrologic effects will be

studied.

Retort leaching investi gations are being implemented on the D.A. Shale site in order
to develop data and criteria for control design. As mentioned previously, the

objectives of this investigation are:

1. To determine the effect of spent shale contact on ground water.
2. To predict the quality of resulting groundwater.

The method is:

1. To establish background data on spent shale
2. To introduce water of known quality into the spent retort at a known rate
3. To monitor effluent water quantity and quality
4. The investigation will be continued for sufficient time in order to

identify change trends and will eventually continue on the C-b Tract.

The results expected are:

To be able to show which constituents are leached and the time relationship.

With regard to retort stabilization and abandonment, we reaffirm our position as

responsible leaseholders to conduct all operations in an environmentally sensitive
manner. This means that whenever operations are permanently or temporarily dis-

continued, works and facilities at the surface and below will be secured in a way
sensitive to the ecosystem, safety, and the rights of others. Actions and works
involved would depend on the permanence and time element of the discontinuance of
operations.

A permanent abandonment would involve the following:

A. Offer the facility to the Lessor under the terms of the lease. If the
Lessor exercises this option, no further action on the part of the Lessee
will be required.

B. Should the Lessor not exercise the option, the following actions would
take place:

1. Permanent removal or safeguarding of all buildings and structures





"\

2. Secure mine openings and underground workings so that no hazards
exist.

3. Secure and safeguard all dams and ponds.

4. Remove all product from storage tanks and pipelines.
5. Flush and plug all underground pipelines.
6. Reclaim all disturbed areas according to the Erosion Control

and Rehabilitation Plan.

7. Underground works and retired retorts will be stabilized. De-

pending on the management technique developed to accomplish
groundwater quality stability, the underground workings may
eventually be allowed to refill with water.

According to conditions existing at the time of abandonment and any trends estab-
lished by the operations monitoring data, monitoring will continue following aband-
onment in particularly sensitive areas. The post-abandonment monitoring plans will

be determined at the time.

~\
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AIR QUALITY CONTROL PLAN

1. INTRODUCTION

This air quality control plan is presented in two phases: The ancillary

phase and commercial operations. This is entirely appropriate since 1) permits

to construct are expected to be issued for each of these two phases, 2) more
details are known at the present time for the earlier ancillary phase, and 3)

improved rough-terrain air diffusion models and their inputs will exist at a

later date to provide refined estimates for full-scale operations.

The control plan consists of an emission inventory by operational activity
along with controls descriptions and efficiencies, citations of appropriate
emission and ambient-air-quality standards, and demonstration of compliance by

means of diffusion modeling.

Pollution sources can be categorized as point, line or area sources.
Examples of these are: a stack; a line of traffic; and acreage of shale-

storage piles. Process emission stacks are planned emission sources; leakages
from storage tank domes, dust from unpaved roads and shale piles are defined
as "fugitive". Sources can be on-tract or off-tract. The control plan recognizes
and discusses these source types.

Before proceeding to a description of pollution control measures it should
be noted that tall stacks will be used (except for dust originating at ground
level) to effectively disperse the pollutants. Diffusion is usually enhanced
in rough terrain, typified by the C-b site.

The numbers (sizes, flows, etc.) presented in this report are nominal values
utilized in the modeling of the ancillary phase as presented to the Area Oil

Shale Supervisor on June 2, 1977, representing the best estimates available as

of that date. This material supplements that contained in Mod ifications to the

Detailed Development Plan as submitted by the Lessees to the Area Oil Supervisor
in February, 1977.
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2. CONTROL PLAN FOR THE SHAFT-SINKING lu[\) ANCILLARY-DEVELOPMENT PHASES

2.1 Emissions Inventory

2.1.1 Sh aft-Sinking Phase

In the shaft-sinking phase, seven activities are delineated as

potential pollution sources in the emissions inventory on Table 2.1.1. These
include: 1) access road; 2) temporary power generation: 3) site preparation;
4) mine shaft-shale transfer point; 5) transfer via diesel equipment; 6) shale

crushing; 7) shale disposal. Dust is the sole pollutant considered in items 1),

3), 4), "6) and 7).

2.1.1.1 Access Road

The main access road adjoins the preferred off-tract
primary road corridor, as described in Modifications to the Detailed Development
Plan (hereafter abbreviated MDDP), Section III. D.5. Approximate on-tract lo-

cation is shown on Figure I-A in the MDDP. Appendix B presents the emission
factor for unpaved roads (Pedco Report #9) as

Emission factor = 0.27 ( 1 . 068)
v

+ 1.54

(lbs/veh. mi)

where v = vehicle speed (MPH)

.

Assuming a peak loading of 967 workers per shift in 2-man car pools with 50%
shift overlap, there are 726 cars on the 4.2 mile access road for 0.21 hour at

20 mph. The above emission factor yields 2.5 lbs dust/vehicle-mile which trans-
lates into 36,300 lbs dust/hour over this time interval. The conclusion is that

the major access road must be paved.

2.1.1.2 Temporary Power Generation

In the early stages of the shaft-sinking phase, permanent
power of the magnitude required is not available at the site. A combined bank of
generator sets of approximately 10000 hp (7460 kw), equivalent to 6.10 x 10 8 BTU
on a 24-hour basis, will be used. Utilizing EPA Document AP-42 for fuel oil with
0.023% sulfur, expected emissions in lbs/day are: particulates 36.7, SO2 12.2
and N0~ 513. Mo controls are required, so long as each generator in the bank is

under T000 hp and the bank is unmanifolded.

2.1.1.3 Site Preparation

Figure 1

1

I-A of the MDDP shows the location of the
ancillary facilities at the three sites described on Page III-7:

Site Acreage Disturbed

General Facilities Site 8

Gas Treatment Facilities 3

Steam Generation Facilities 3

TOTAL 14

From a fugitive dust standpoint, it is assumed that
25% of this total acreage is "exposed" at any one time. At an emission factor
of 1.4 tons/ac/mo (EPA AP-42) and utilizing chemical stablizers to achieve S0%
control efficiency, the resulting emission rate is 2.7 lbs/hr.
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2.1.1.4 Mine Shaft - ' i"ile Transfer Points

In this phase shale rock is transported from 5 shafts

to the disposal area by truck:

Shaft Total Sinking T i me Span

12' D Vent/Escape Shaft 1 5 mo

.

'78 - Mid '79

34' D Production Shaft 17 mo

.

'78 - Mid '79

34' D Service Shaft 17 mo. '78 - Mid '79

6' D Tern. Gas Shaft 5 mo. Sept. '79 - '80

A total of 16 million tons of rock from shaft sinking is removed up to the

start of commercial operations on September 1, 1982 (i.e. over a 56-month span)

for an average daily tonnage of 9400 tons/day.

An emission factor of 0.1 lb of dust per ton of shale

rock has been assumed; wet suppression techniques with an efficiency of 75%

reduce these emissions to 9.8 Ibs/hr.

2.1.1.5 Surface Transfers via Diesel Equipment

These include transfers of shale rock from the hoists
at the shaft transfer points and general on-tract usage of diesel equipment for

transportation, hauling, grading, etc. Approximately 4000 gal/day of diesel

fuel are estimated for average surface usage.

EPA AP-42 has been utilized to estimate the emission
factors listed in Table 2.1-1. Catalytic convertors with 90"' efficiency reduce
both CO and THC emissions. Sulfur content of the diesel fuel is assumed to be

0.02%.

Approximately 400 vehicle miles per day are estimated
solely for transport of shale to the disposal area; this yields 1000 lb/day of
fugitive dust, or 41.7 lbs/hour. Application of chemical stablizers on a regu-
lar basis results in 80% control and reduces fugitive emissions to 8.3 lbs/hour.

2.1.1.6 Shal e Crushing

The surface crusher provides both construction fill at
6-12 inches in diameter and fill for Cottonwood Gulch. Marshall and Agapeto in

Appendix 14 of the Colony Environmental Impact Statement estimated the dust from
crushing to be 0.5 lbs/ton. At 9400 tons per day, this amounts to 195.8 lbs/hour.
A baghouse collection device with 99% efficiency will reduce emissions to 2.0

lbs/hour. These emissions exit through a 10 meter stack.

2.1.1.7 Shale Disposal

Emission factors for uncontrolled shale acreage have
been estimated from Pedco Report #9 as 8 tons/acre/year. This reference also
cites 50% control achieved through twice-per-day watering and 80% control through
application of chemical stabilizers.

Appendix A yielded the result that approximately 80 acres
of shale disposal chemically treated could comply with air pollution standards.
Thus it is tentatively planned that no more than 80 acres will be unrevepetated at
any one time; this corresponds to an emission rate of 29.2 lbs/hr with 803! control,
More refined estimates of emission factors for raw shale utilizing alternative





controls coupled with further work on vegetation techniques <"ire warranted here
inasmuch as Fugitive dust from the raw shale pile proved to bo one of the critical

items from the initial modeling results. The sensitivity of allowable shale

disposal acreage to emissions from the pile is as follows: -33 acres/ton/acre/
year emission. (This is read as "a decrease of 33 acres of unreveqetated shale
is required for cacti ton per acre per year that emissions from the shale pile

increase".) This points up the desirability of improving the accuracy of the

emissions estimate.

It should be noted that fugitive dust on the Tract tends

to be large particles. Generally such particle size is not associated with po-

tential health hazards or diminished visibility.

2.1.2 Ancillary Development Phase •

This plan and associated modeling assume that the ancillary-phase
processing rate is 10« of full-scale operations or 5700 bbl/day. The mine is

assumed to be operating at the full-scale rate of 41,000 tons of mined-out shale
per day.

This plan includes full-scale development mining under ancillary
development. In the development mining phase material produced during development
of stations, access ways, service areas, and during the initial retort develop-
ment will be crushed underground and transported to the 12' diameter shaft.

The emissions inventory for the ancillary phase is shown on

Table 2.1-1. It includes the following sources or activities: 1) mine vent,

2) in-situ gas treatment, 3) steam generator, 4) fuel tank storage, 5) mine
shaft-conveyor transfer point, 6) shale conveyor, and 7) shale disposal.

2.1.2.1 Mine Vent

The mine ventilation system requires an airflow of

636,534 scfm and utilizes a stack 88 meters in height. The height is constrained
to be (approximately 10 feet) higher than the mine hoist-house for worker health
and safety protection while working at the top of the hoist-house. Such height
coupled with the large momentum flux of the mine- vent exhaust plume enhances
plume diffusion in the atmosphere.

As described in the MDDP (Page 1 1 1-26) the mining cycle
in conventional room and pillar mining consists of drilling, charging the drilled
face, blasting, wetting the blasted rock pile, loading, hauling, scaling and roof
bolting.

The nominal rubbled-column retorts are 200 x 200 feet
in plan and 310 feet in height. Only sufficient shale will be removed from within
the retort volume to provide an approximate 20'.*.' to 25% void which redistributes
by rubblizing with conventional explosives to provide a uniformly bulked-full
retort column.

This control plan identifies emissions from mining
operations which flow through the mine vent stack as: "mining", blasting,
handling and hauling by use of underground diesel equipment, crushing, and
rubbl izing.

Table 2.1-1 shows the total emissions from the mine vent
by pollutant. Blasting is expected to occur during shift changes, and its emissions
are highly time dependent. They are presented for averaging times corresponding
to air quality regulations; annual, 24-hour, 8-hour, 3-hour, and 1-hour. More
detail regarding mine vent emissions is presented on Table 2.1-2. Emission-factor-
related assumptions are presented on Table 2.1-3. eighty percent control of the
particulates produced in the mine is achieved by a combination of wet suppression





-N
— LO *J-

<X5

+-> LD ^f
o i

—

r

o
cm O O 1

--

LD Lf)

^J- CM

LO CO

CO CM
Lf) i

O-i

en
CM

O

CO CO
COo COo coo UD CO CO CO co CXI

ro CO o o o LD
CO

LO Ln
co

O o COo

a:

CO

N
CO

CM 2!
l O

i

—

i—

i

• co
CM lo

t—

H

UJ 21
_J UJ
CO< h-

a:

„ O")

en cr

c •r—

•r— sz
+-> in
(/) 3
rO i_

i

—

O
DO

« CD
CD C
•:: •r—

•i

—

i

—

C 13
•r— ra

51 3:

<tf CO

o CO

<* i—

LT) I O o r--O LO LO
co ro 1

—

CO CM

«3-
r-.

ro ro r—
roO roO ro ro r-- ro ro

CD O o O O
CM

ro ro
O O

ro

a

s_ %~. S-- J_ C ^.

:t ,

—

n n r— 13 n r
— 7J , - .

—

o fO o o m O o H! O fU ro

1

13

c i 1 1

x:
i

13

(Z 1

3
(..:

ZJ
L

•
1 v.: ro •-] LT i

—

CO LI CO c LI
CM <X. CM < < •a: <C

"\ (T)

CD
4->

+-> T3
cz i

—

rO 3
-t-> U
3 •

i

—

i

—

+J
i

—

s~

O rd
Q_ Q-

CMO
CO

oo
o

6-





E
O

4-J Q 4J
00 Z ZJ

ZJ
4-

5- rO O 1 I— i

4-
4->

i— CD
CO O CD 4J

ZJ
00

CD

"O z Zl i

—

s_

CD 0j "O 4-> rO fZ
+-> I. . O 4-> Q- ro o 00

03 CD_ r— S_ CD CXJ 1— rO

E '>r— • Q. 00 CD o 4J
•r— Z) O x: • u 4-J

• 4J or CM O O -M CD ra C
s_ 00 CD 1 4-> 4-> CD CD
rO CD CO '

4- JZ s_ >
CD TD X> O 4-J

>> CD CD CD CD CD •1— 1

—

CD

S_ 00 — 4-> E 4-> 3 rO Z
c. ra CD JD f0 ZJ c CD *i

—

CD i— rO E 00 CD 1

—

o Ec 00

c
a 1— -i- 00

4-J ro
U

o i CD

00 o ro «- OO J- c JZ
CD • r— • r— O0 CD CD CD 1

—

o 4->

E 00 > «a- t- DL CD CI
•1— 00 1 CD ro ZJ z
+J

E
00
1_

o_ S-< ro "a
CD
>

u_ O
4-J

r_

O CD CD CD • t— 4-J

|-» 4- <C u U_ • CD ZJ

c

—

00 Q. CD ZJ CD ZJ o
c CD c UJ c T3 c T3
rO oo rO r- O • •1

—

00
JZ CD S- CD r— i- >° (

—

»N CD
4-> i— 4-> CD Z5 Q.cn JD o EQ 00 ro CTl JD u_ o
OJ CD -C oo 3 ~^^ u
i- U CD 4-J CD 5- <c
o 03 •DTJ4-I 03 C -a
E >>+- CD C ra •i— a 4- C

C. 4-> ra i

—

-O E C O ra

Ul -l-J • i— ZJ 00 =S CD rO
z~~ o ft) OO Hi D)U 4-J CD CDO z TD = 1 C "I—

JD ••- 4J
rO JC
E 4-> C

JD z

h- •a -o s_ i— r_ • 1— •r— +J
Q. z c CD CD "O ro +-> o C S- 00

;_ ZJ TD r- c a 00 4-J •1— CD rO

ID o c ro ro CD C E CL i

—

Ul -a s_ ZJ JC ZC CD •r— JD
1/3 o CD 00 JC 00 fZ Ov)

<C •i

—

£_ 00 4-> •r- 4~> • 1

—

o Z
s_ CD c c+- S- 2Z •i—o OJ TD O 4- CD O a

LU D_ Z ,

—

C O U 4-J CD 4- 00 -a
1— ZJ ,

—

C !- C CD 00 O >3 CD

< S- rO or +j ra S- ZJ rO C
_J ZJ "O C7> 4-J 00 C 1

—

-a s-
UJ O CD •\ 3 OJ ro CD CD JD ZJ

ex:

i 1

Z Oo 00 5- U
CD O

JD -C
4->

>
•r—

r~ LD JD

Qi «^r 3 o 4-J C_ CD 00 «* >3 4-J

O CM JD 1— (O C CD jc E o O ±- O
1— <— ra CL 4-> O 1

—

-

CD z
CD c_ CD r_ =3 -£= 5_ Cl o >
<c CD S_ CD U 4-J >, 4- 14- X CD OO
u_

i

CL ro CL •r- 4J
4-J OO JZ

O
CD

CD -a
c CD

' r_

r7** QJ i

—

i

—

'*- CD CD3 >, CL CD ra U CDO u CD I ra 4-J -r— O rO JZ Z U_
i—

i

c ZJ i

—

CL ra LU c u 4-J CD o 2Z
c/3 o 4- •

—

CD 00 CD ct
oo C\J «+- =3 •r- CD CD o
1—

1

z i

—

o a • U JD 4- CD z
^>* rO CD CD 00 •r- C CD O O •1

—

UJ JZ OO i

—

S- • 4-1 O M- 4-J O 4-
4-> CD JD o JD i- 4-> 4- 4-> O 1

—

CD •i— 03 4->
i— ro CD "O JD •1—

r~*~ CD ~0 1- <~ CL S- CD "O ,

—

o
i—

i

S~ CD LD CD c E CD JD
z; CD M- C > • CD CD- o r> E <3 i

—

,

—

t—

i

E o •r— Z CD S- •i— 00 Z5 CD CD
t- o O oo 4-J OO OO CD ZJ

4-> 00 SU u CD E "O CD rO OO O CD 4-
O z ro U C CD rO 00
c O CD u =3 O Z5 i— CD CD «- CD

i

—

CL r— TD C O r— i- 00 U CO JZ
s- i

—

Cl 4-> O CL O ra • i— ZJ 1

—

4-J

ZJ ro rO >1 ^ CD CD "O
U cr i i

—

CL U O cn i

—

o OO 4-
o -a rO Z5 3 c: •«— S- CD O
o o z 4-> o -a +J • T— O CL CD

C> rO ro 4-J O . . 1 ZJ ;

,

'

o O CD s- c: C\J JD f

—

o a LO
4-> " OO a Cl ro «=J^ JD CD 4 J o .

r~- 1 ai G) _C 1 D rs) s_ o
a LO, 00 4-> O 4-> a. 5- 4- X3 a.
a) •i-> ZJ iO l-> < CD 4-'

Li 'O

—

E </i c: E 03 rO
z> JZ +-> •r- X3 a) '-C T- (-O ZJ 1Z JZ
oo 4-> ro CI 4j a j 4-j Cl. 00 •r— 4J
00 CD 00 4-> lO LU TD 03 oo ,

rO "O II CD rO i

—

—' a» iz ra JO TD
CD Q. a. E =5 E •r- JD CD oo

oo r •i— 00 •(— U OJ s_ ^J oo ZJ E C
•i

—

ZJ * 13 • r- .| J -r- c: o r- X3 • 1

—

a: ZJ O
00 C\J CD" 00 4 J •r- 4-

i— CD 00 JD
CD OO •cj- CD Ol CD S- E r- E cn oo S-
z ra l c ra 00 4-> Z> c fO ra
"r- Cu i

—

r— 00 Cl . CD CD D I/) r— S- u
i

—

oo ^C a) .r: -r- JC 4-J OO 4J o 1/3 O
JD •r— i/i OO CD 4J ra CD rO O0 •r— •r- S_
_o •-r; CD 73 O) V- 1

—

ll. rrj >• "O3 4-' Cl. •r— '— c o C Z5 : ' i/i ,

—

ro •*-> >>
Q£ H—

1

UJ O O ••- E •<- o cj; -r- CO JZ t—H _r~~

oo oo LO CO

-7





techniques and ordinary settling by the baffling, provided l>y the multiplicity of

rooms and passages. The SOo in the ventilation air is controlled solely by
selection of 0.02% low-sulfur fuels. The noxious oases produced from periodic
blasting (at shift change) will be exhausted without control; the i r dispersion
from the tall stack is more than adequate to keep ground level concentrations
well below those required by air quality standards.

2.1.2.2 In-Situ Gas Treatment

The retort offgas is treated to remove sulfur compounds
before it is thermally oxidized. The assumption is made here, subject to detailed
study at a later date, that organic sulfur compounds are sufficiently low in con-

centrations that they do not have to be removed. A Stretford or similar process
is utilized to remove hydrogen sulfide down to a level that the overall sulfur
content is not greater than 15 ppmv equivalent FUS as the nominal design. Two
design alternatives are presented in Sections 2.4.1 and 2.4.2. Inasmuch as F^S
levels are in the neighborhood of 1500 ppmv to the Stretford unit, this represents
a control efficiency of 99%.

Burning the retort offqas will convert carbon monoxide
and hydrocarbons to carbon dioxide and water. Particulates will be at very low
levels. Residual sulfur compounds (i.e. after the removal process described
above) will be converted to sulfur dioxide. Oxides of nitrogen will be kept to

a minimum utilizing low burner temperatures and excess air. All pollutants will

thus be at sufficiently low levels that they can be adeguately dispersed by ex-

hausting through a tall stack.

Non-sulfur pollutants in burned offgas were estimated
as follows: An analysis of the fuel content of the offgas showed it to be es-

sentially gaseous hydrocarbons. The overall carbon-to-hydrogen mole ratio is

approximately 3:7, which compares with that of a mixture of half propane (C3l!o)

and half propylene (C3H5). Emission factors for gaseous fuels of this type are
estimated by EPA ratioing the emission factors for natural gas and the fuel in

question against their higher heating values (EPA AP-42, March 1975, pg. 1.5-2).

This procedure was used for the offqas. The emission factors for natural qas

were taken from page 1.4-2 of EPA AP-42, March 1975. The higher heating value
for natural gas was taken as 1050 BTU/scf and the higher heating value from the

offgas was taken as 31.9 BTU/scf.

2.1.2.3 Steam-Generating Facilities

The 100,000 lbs/day boiler in the ancillary phase burns
very low sulfur fuel oil (<0.023% by weight); in the full-scale operations it

will burn offgas. Boiler flue gas is exhausted through a relatively tall stack
without treatment. Estimates of the non-sulfur emissions have been obtained from
EPA AP-42, (Table 1.3-1) as 16.3, 4.3, 3.3, and 87 lbs/hour for particulates, CO,
THC and N0

X
respectively.

Burned retort offgas and boiler exhausts will be hot
(ca. 400"F). Thus, plume rises from their respective stacks will be significant.

2.1.2.4 Fuel Tank Storage

Fugitive hydrocarbon losses are expected from floating-
roof fuel tank storage. The figures for losses from "tank storage" also include

-8-





losses from handling product oil, whether stored or not. Full scale storage is

assumed to be five days' production; storage in the ancillary phase is assumed
to he 1/3 lull scale. Handling capacity is assumed Lo be 10/' of full scale.

Hydrocarbon losses from storage arc assumed l.o be equivalent l.o a distillate
fuel and estimated to be 0.0052 lb/day/1000 gal.; working losses are estimated
to be 1.0 lb/1000 gal. throughput (EPA AP-42, pp. 4.3-8,9).

2.1.2.5 Mine Shaft-Conveyor Transfer Point

The 12' ventilation/escape shaft is also used as a

temporary ore production shaft in the ancillary phase. In this mode, it is

equipped with a headframe, double drum hoist and a ladderway with landings.

Shale is transported up the shaft and transferred to a surface conveyor belt.

An emission factor of 0.1 lb. of dust per ton of shale has been assumed. A

wet scrubbing device with a 99% efficiency reduces emissions from 170.8 Ib/hr

to 1.7 lb/hr.

2.1.2.6 Shale Conveyor

The 41,000 tons per day of mined-out shale are trans-
ported from the mine transfer point to the shale disposal area via conveyor
belt. Emissions are estimated to be 0.03 lbs. of dust/ton of shale transported.
Continuously applied wet suppression techniques (with chemical additives, if

required) are assumed to achieve 85% control in reducing emissions from 51.3 to

7.7 lb/hr.

2.1.2.7 Shale Disposal

The same control applies here as was previously dis-

cussed in Section 2.1.1.7, the only difference being that the shale disposal
rate increases from 9400 tons/day to 41,000 tons/day. Eighty acres is still

the maximum anticipated unrevegetated acreage at any one time.

2.2 Start-Up and Upset Conditions

From the standpoint of air pollution control, the significant aspects
of start-ups and upsets are 1) the possibility that the offgas flow rate will

be too low for good pollutant dispersion under these conditions, and 2) the

possibility that either the Stretford plant or a boiler or thermal oxidizer
will malfunction.

The offgas flow rate is itself not the critical flow; rather, the

critical flow is the stack flow rate. If fewer retorts are in use than called
for in the final design, the stack flow rate can be sustained by continuing to

supply the necessary volume of air to the stack directly from the blowers. This
will keep the exit velocity up and thereby help disperse the exhaust pollutants.
Such a practice will lower the exhaust temperature somewhat, but counterbalancing
this effect is the fact that there will also be a smaller amount of pollutants
to disperse. This approach will not violate the regulation against dilution to

meet emission limitations. Since emission levels will already be far below the

emission limits; dilution is not being used to meet the limits.

The Stretford plant that removes hydrogen sulfide from the offgas will
be modularized. Part of the plant can be out of commission without causing the

complete plant shutdown. A measure of excess capacity can also be provided to

take care of cases where just one or two modules are out-of-service. Also, a

fraction of the operating retorts can be temporarily shut down if necessary in

order to match the input to the Stretford plant with its active capacity.

-9-





The boilers or thermal oxidi will also be modularized so thai a

segment can be non-operating without j- •.lrdizing whole-plant operation. As

before, if the active capacity of these units is less than required by the

retort offgas, then some of the retorts can be shut down until the active
capacity is adequate.

The duration of start-up or upset conditions depends on the degree
of modularity. This is one of the design-optimization aspects to be addressed
later this year.

Thermal oxidizers will be utilized during upset as opposed to direct
flaring; this has the advantage of the added diffusion afforded by use of re-

latively tall stacks.

2.3 Potentially Hazardous Emissions

Potentially hazardous emissions that are envisioned are hydrogen sulfide,
arsenic, arsine, and mercury. Polynuclear aromatics (PMA) and other carcinogens
may possibly be potential problems for which additional information will be
gathered early in the ancillary phase.

Estimates have been made for arsenic, arsine, and mercury for full-scale
operations and are presented here. If compliance is achievable for full scale,
it is more readily achieved for the ancillary phase.

2.3.1 Hydrogen Sulfide

Hydrogen sulfide will be stripped from the offgas in the Stret-
ford plant; any residue will be converted to sulfur dioxide when the offgas is

burned. Thus, hydrogen sulfide will not be emitted to the atmosphere.

2.3.2 Arsenic and Arsine

The exact levels of arsenic or arsine that may occur in the
exhaust are not known, but it is known that arsenic accumulates preferentially
in asphalts and other heavy ends of the product oil. Light fractions, i.e.

those with boiling points less than 375°F, contain less than 2 ppm arsenic by
weight. It is assumed that the arsenic content in the organic fraction of the
offgas also does not exceed 2 ppm by weight. Two ppm by weight in the organic
fraction of the offgas is equivalent to 0.52 ppm by weight in the exhaust.

Allowable concentrations of arsenic and arsine at ground level
are calculated on the basis of Colorado Air Quality Control Regulation Ho. 8.

This regulation limits ground level concentrations of a pollutant to 1/30 of
its Threshold Limit Value (TLV), i.e. 0.5 mg/m 3 for arsenic and 0.2 mg/m 3 for
arsine. The ground level concentration limits for arsenic and arsine are thus
17 ug/nr and 7 ug/m 3

, respectively.

The allowable ground level concentrations are then converted
to allowable emission rates by using the dilution factor for the stack exhaust.
The dilution factor is determined by knowing that the stack must be such that
sulfur dioxide is diluted from 8 ppmv to 15 ug/m 3 (24-hour average), which is

the most demanding dilution requirement. (Note: All effects are converted to
moles and then converted back to concentrations by weight or volume as required.)
The allowable emission rates are 19.5 ppm by weight for arsenic and 7.9 ppm by
weight for arsine.
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Thus if the allowable \ sion rates and the maximum expected

emission rates are compared to determine if there is a potential problem,

thirty-five times more arsenic and fifteen times more arsine could be emitted

than is expected without violating Regulation No. 8.

2. 3.3 Mercury

Mercury emissions have been estimated* for full-scale operations

utilizing Donnell and Shaw (1977)**. They show that 2% of the initial mercury

remains in the spent shale. Between 15 and 16% goes into the retort water (water

from the retorting action). Twenty-five percent goes into the oil and 58% goes

off in the gaseous products.

It is assumed that the dilution factor between the stack and the

ground is that corresponding to dilution of 174 lb/hr of SO;? at the stack to

15 ug/m^ on the ground at the point of maximum impact (the Colorado Ambient in-

cremental 24-hour standard). The 175 lb/hr from offgas burning corresponds to

scrubbing the offgas to an equivalent H^S concentration of 15 ppmv before burning.

Donnell and Shaw measured 0.43 ppm Hg in the shale by weight; thus .58 x 0.43

yields 0.25 ppmv Hg by weight in the offgas corresponding to a daily production
rate of 48 lb/day. In full-scale, the boiler is powered by the offgas exhaust
so that the concentration of mercury in the boiler exhaust is 0.027 ppmv. The

dilution at ground level is 0.00083 ug mole/m . The State of Colorado Regu-

lation No. 8 allows 1/30 of a specified threshold limit value; this corresponds
to 0.00166 ug mole/m^ for alkyl mercury compounds. Thus our predicted emissions
are one-half those allowable if all the mercury is in the form of alkyl compounds;
the predicted emissions are approximately one-tenth those allowed if none of the

mercury is in the form of alkyl compounds.

2.4 Design Alternatives

2.4.1 Alternatives to the Stretford Proce ss

As previously stated, if the organic sulfur compounds prove to

be sufficiently low in concentration, then the treatment will be with the Stret-
ford or similar process to remove hydrogen sulfide. If organic sulfur compounds
are too abundant (in terms of the sulfur dioxide they would form), they will be

removed by other appropriate means such as alkaline scrubbing. Monoethanolamine
(MEA) may be used to remove carbonyl sulfide and will remove hydroqen sulfide.
The gas may then be further treated with a catalyst (e.g. U0P Merox) and caustic;
this will remove mercaptans. This sequence will eliminate the need for Stret-
ford processing. Carbon dioxide may be recovered, if desired, from the MEA. In

any event, the equipment selected would employ the best available commercial con-
trol technology to hold emissions below regulatory limits.

2.4.2 Decrease the Stretford Stripping Level

The nominal design strips the offgas down to 15 ppmv H2S equiva-
lent. It was shown in the modeling study in Appendix A that stripping the offgas
down to 83 ppmv HoS equivalent complied with all Federal and State air quality
regulations. This will be further investigated as a design alternative.

* Ruskin, A.M. - Memo to R.E. Thomason - 19 May 1977 - Mercury Emissi ons to

the Atmosphere
Donnell, J.R. and Shaw, V.E.: Mercury in Oil Shale from the Mahogany Zone
of the Green River Formati on, Eas tern Utah and Western Colorado , J. Res.
U.S.G.S., 5, No. 2 - Mar-Apr 1977, pp 221-6.
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2.4.3 Alternatives to the M •
> Vent Bacjhouso

Because of the large volume of mine ventilation air, the size
of the baghouse is expected to be very large. Also, if the mine air v/ere to

be cleaned, it would be beneficial to ' miners to clean it to a higher degree
underground. Wet suppression techniques coupled with baffling, portable cyclones,
and portable baghouses will be investigated as to feasibility for use underground.

2.4.4 Shale Disposal Underground

The MDDP cites disposal of raw shale in the mine as a viable
alternative for further study.

2.5 Applicable Air Quality Standards

Table 2.5-1 presents three applicable groups of standards: 1) National

Ambient Air Quality Standards (NAAQS), (Column 6), 2) Federal Prevention of

Significant Deterioration (PSD) Regulations, (Column 7), and 3) State of Colorado
Ambient Air Quality Standards, (Columns 8 and 9). Note that all NAAQS and the

Colorado Ambient Standards for particulates are absolute values so that "back-

ground" values obtained from an environmental baseline must be added to oil-shale
plant increments for comparison with these standards. PSD for SO2 and particulates
and Colorado standards for SO2 are incremental values.

The background values obtained from C-b's two-year environmental base-
line are presented in column 3 of Table 2.5-1. The reader is referred to the

discussion on page 30 in the text of Appendix A relative to the high NMHC back-
ground levels. The Federal Register of December 21, 1976 recommends using annual
particulates background for 24-hour PSD increments where the source is fugitive
dust as has been demonstrated for C-b's particulates background.

Table 2.5-2 presents applicable emission limits (from stacks) from
Regulation No. 1 of the Colorado Air Pollution Control Commission. They are
given in lbs/10 6 BTU for particulates and ppmv for sulfur dioxide.

2.6 Demonstration of Compliance

The EPA Valley model, as described in Appendix B, has been utilized
to estimate maximum ground level concentrations due to the shale oil operations
and associated fugitive sources. These modeling results for the ancillary phase
are presented in Appendix A and summarized in column (4) of Table 2.5-1 at the
"peak" receptor for all averaging times corresponding to air quality standards.

It is pertinent to review some of the major modeling conclusions:

1. All Federal and State Prevention-of-Signif icant-Deterioration
standards are met everywhere for the ancillary phase.

2. Fugitive-dust concentrations have been estimated for the major access
road and for the raw shale pile. It is concluded that:

a. The major access road must be paved.

b. The shale pile concentrations can be held within standards
provided no more than 80 acres (unrevegetated) are exposed
in any one year and 80''. control is achieved by application
of chemical stabilizers.

3. The nominal design for the off gas treatment facility utilizes a

-12.
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TABLL ,

--2

COMPARISON OF ANCILLARY AND FULL SCALE EMISSIONS WITH

EMISSION I ["ITS07

Particulates, Ib/hr

Anci 1 lary Phase

Burned Offgas

Oil Fired Boiler

Emission
Rate

<7.4

16.3

Emission
L i m i t

108 0.1 lbs/1

O

p PTU

20.3 0.14 lbs/10^ BTU
'

Ful 1 -Scale Operations

Burned Offgas <74 986 0.1 lbs/10° BTU

Sul fur Dioxide, ppmv

Ancillary Phase

Burned Offgas

Oil-Fired Boiler

7.2

11.8

150

150

Full-Scale Operations

Burned Offgas 7.8 150

(1)
Colorado Air Pollution Control Commission Regulation No. 1
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Stretford type unit whose output is n"i -illy at 15 ppmv equivalent H2S. For

the stack configurations summarized on lable 2.1-1 with concentrations from the

w major sources (mine vent, steam generating facility, shale pile) fixed, emissions
from the off gas treatment facility up ! 33 ppmv equivalent H2S will meet all

Federal and State PSD regulations.

2.6.1 Compliance with Natural Amb ient Air Quality Standards

Compliance with the NAAQS is demonstrated by comparing columns
(5) and (6) of Table 2.5-1. Reference is again made to Page 30 of Appendix A

for a discussion of the high NMHC background levels.

2.6.2 With Federal PSD Reg ulations

By comparing column (4) of Table 2.5-1 with column (7) compliance
is demonstrated with Federal PSD regulations for ground level concentrations at

the "peak" receptor.

2.6.3 With Colorado Ambient Standards

By comparing column (5) with (8) compliance with Colorado
absolute standards for particulates is demonstrated. By comparing columns (4)

and (9) compliance with Colorado incremental standards for SO2 is demonstrated.

2.6.4 With Colorado Emission Regulations

By comparing the emission rate from the ancillary facility in

Table 2.5-2 with the emission limit from Colorado's Regulation No. 1 compliance
> is demonstrated. The regulation for particulate rates is stated in lbs/10" BTU

units which is converted to lbs/hour on the table. Rates for SO2 are specified
in ppmv.

Note: Compliance with hazardous emission regulations has been addressed in

Section 2.3.

-15-





3. CONTROL PLAN FOR COMMERCIAL OPERATIONS

It is to be noted that permits-to-construct from the State of Colorado
• are expected to be obtained by operational phases, i.e., a permit will be

obtained initially for ancillary development, followed by full-scale operations
at a later date. Engineering design details are available sooner for the

ancillary phase than for full-scale; therefore, improved emissions estimates
for full-scale will be available only in the future. Rough-terrain air dif-

fusion models are undergoing rapid state-of-the-art improvements to more

closely depict "real-life". Finally, "learning" from the ancillary phase will

be applied to all permitting and modeling of full-scale in this phased approach.
It is for all these reasons that the degree of detail for the full-scale control

plan is less than that presented for the ancillary phase.

3.1 Emissions Summary

Full-scale emissions are accompanied by explanatory and source foot-
notes summarized on Table 3.1-1 for the following major emission sources: 1)

In-situ process (i.e., the off-gas treatment facilities), 2) the mine vent,

3) the shale disposal area, and 4) the fuel tank storage. The last column
in the right lists the total emissions by pollutant as contained in Appendix B

for the full-scale surface - retorting TOSCO II process which produced 50,000
bbl/day of oil for a mined-out shale tonnage of 66,000 tons/day over a 20 year
mine life. The present in-situ process produces 57,000 bbl/day of oil for a

V mined-out shale tonnage of 41,000 tons/day over a 60 year mine life.

The mine vent emissions are identical to those of the ancillary phase
since the mining for that phase is full-scale. The in-situ gas treatment
facility is a scaled up modular version of the Stretford type (but see design
alternative notes in Sections 2.4.1 and 2.4.2) utilized in the ancillary phas
In the commercial phase, boilers burn the off-gas from the Stretford plant
instead of using fuel oil. There is one less stack for this combination as a

result. The shale disposal pile operates under the same 80-acre acreage
constraint as previously. Locations of the gas treatment and steam generating
facilities change from those shown in Figure III -A for the ancillary phase to

the location shown on Figure I-A on the MDDP.

3.2 Demonstration Of Compliance

The method of approach is based on the following premises:

1) Modeling was investigated for the full-scale TOSCO II surface-retorting
process (Appendis B). Compliance was demonstrated off-tract with all Federal

and State Prevention-of-Signif icant-Deterioration regulations. The critical

case corresponds to the 24-hour State standard for SO2 of 15 ug/m 3 under
Stable (F) conditions.

2) For the principal S0o emitters, the in-situ process stacks are hotter and

of higher volume flow than those for tfe TOSCO II process.

v 3) The total S0
? emissions are lower for the in-situ process (181 vs 251

lbs/hr).

e

-16-
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3.2 Demonstration Of Compliance - Cont'd

4) The implication of item 2) is that the exhaust plumes from the stacks for

the in-situ process will rise higher causing additional pollutant dispersion
and lower ground level concentrations for the in-situ process. (Note that

"effective" stack height is the sum of actual height plus plume rise derived
from its buoyancy or momentum or both). Effective stack heights are shov/n

on Table 3.2-1 and are higher for the in-situ case.

5) One additional consideration is that the mine vent for the TOSCO II was

not reported to contain S0«, but is considered for the in-situ process as a

relatively small emitter [<A% of the total SOo). Its plume rise for a stable
case is 48 meters at a wind speed of 2 m/sec; with an 88 m stack height its

effective stack height is 136 m. Because of the relatively low percentage
contribution of the mine vent to SO2 emissions this is deemed to be only of

minor consequence.

6) Since by item 3) the emissions are lower for in-situ and by item 4) the
plume rises higher, the ground level maximum concentration of SO2 for the in-

situ process is lower than that for the TOSCO II process and will therefore
comply with Federal and State PSD regulations.

Comparisons of SO2 and particulates with the State of Colorado
emission regulations for full-scale operations are made on Table 2.5-2
demonstrating compliance.
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APPENDIX A

AIR QUALITY CONTROL PLAN FOR

TRACT C-b

^ Dated June 10, 1977

(This supplementary information contains
modeling results for in in-situ ancillary
phase)

APPENDIX A IS FOUND ON THE

FOLLOWING PAGES
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APPENDIX B

AIR QUALITY CONTROL FOR

OIL SHALE TRACT C-b

Dated November 1, 1976

(Supplementary Information)

NOTE: This contains the modeling
results for the full-scale
surface-retorting TOSCO II

process.
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PREFACE

i

The C-b Venture has modeled air pollutant dispersion

of its ancillary phase in support of its detailed development

Plan Modification. The reader is referred to the DDP Modifica-

tion and "Air Quality Control for Oil Shale Tract C-b/' which

was submitted in support of the original DDP, for background

INFORMATION PERTAINING TO THE WORK DESCRIBED HERE.
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INTRODUCTION AND CONCLUSIONS

Atmospheric pollutant emissions have been estimated and

their dispersions modeled for the ancillary phase of the

development of tract c~b. the purpose has been to demonstrate
i

«

the feasibility of meeting air quality regulations during this

phase of development. all air quality regulations can be met

with reasonable stacks providing appropriate limits are observed

in designing the plant.

Critical aspects that need closest attention are the sulfur

content of the offgas and the extent of the raw shale disposal

area. a twenty-five meter stack will allow up to 83 ppmv equivalent

h2s in retort offgas before it is burned, and a taller stack might

allow more. the shale pile must be restricted to a maximum of

80 contiguous acres of unvegetated shale, unless dusting can be

reduced below 1,6 tons/acre/year.

The material below describes the ancillary phase in relation

to full-scale development, the expected emissions, the meteorology

of the site, the modeling procedures used, and the resulting

maximum ground level concentrations expected. also attached is

an evaluation of the impact of trace emissions of hazardous

elements. detailed calculations are available from the operator

upon request.





THE ANCILLARY PHASE OF C-b DEVELOPS

The ancillary phase of C-b development refers to the
operation of tv/o to four full-size retorts, th i s corresponds
to about 10 percent of full-scale retorting., depending upon
the exact number and size of retorts used, the purpose of
this phase is to gain experience in preparing and operating
retorts on the c-b tract before undertaking final design and
construction of the full-scale facility. the phase is thus
a pilot for commercial development of the site and will pro-
vide an opportunity to confirm or modify operating procedures
and monitoring techniques and to train personnel for full-
scale operations,

While the ancillary retorts are being operated, mining
of the main facility will be proceeding underground at full-
SCALE rates. Also, raw shale will be removed and placed in

a shale dump or dumps on the surface at full-scale rates,
Thus, the ancillary phase includes full-scale mining and raw
shale disposal and 10 percent of full-scale retorting.

The operation of retorts during the ancillary phase
differs from commercial operations in one significant
respect: a steam boiler will be fired with fuel oil instead
of burning offgas to heat the boiler, this results in an
additional emission source which will not exist in full-scale
operations,

There will be three exhaust stacks for the ancillary
phase: (1) the mine vent exhaust stack, (2) the boiler
exhaust stack, and, (3) the offgas combustion exhaust stack.
The first two are located toward the center of the Tract, on
relatively high ground, as shown in the attached map. each
of these two is associated with a hoist house and must be as
tall or taller than the corresponding hoist house. the third
stack, for the offgas combustion exhaust, is near the northern
edge of the property, as shown on the map.

Operating conditions and assumptions are shown in the
following pages. emission estimates appear on page 7.

/<-\

^>

^.





,/irW y ' |
* > > ) >n I

i ii t ii in 1 1 mftmi

Mmm

>ARB\ -:

W
,

'1%

j ' r \r /[ / ^ /" v ' /
.<['V.'-r/'V/-, fM 1

'
1 k,v

m
mil

i^._

hi. i w ii i p • « ijcJ—-^ 'v * /

•7' i'ily

W A

h(.J,)J/ /
<3% \A

^I'K/iTir^ ..- \

,;i/^V>r,

//'

,.^;te

mmmi

Ij'
/'.'.':/ -^i/v

V'/'/V/ )/..:7

J./-
-

'a;\,i/

SOURCE LOCATION MAP

TRACT C-b

TRACT BOUNDARY

I MILE





"s o co

co
>-

fe

a
^ cc
CO ID
co pq<
CO
FO
CO

o

>-
Q-

N

CD

QO
<X
o_

3
15
CO

I

d

u_o

CD

>-
<Q
Di
LU
Dl

Li.O
CO

cc

CD
CD

CD

a
CO
I

•d
ZD

>

C<
UJ
D_

UJ

4
CO

IX.o
CO

o

•CJ-

CD
I—

1

N^
X

8
X

8
CNJ

a.

CD

>-

ooo<
UJ
UJ
CO

CD

>•

o
CDO<
UJ
UJ
CO

LT>

cc
•—t

ZDo
UJ
C£

UJ
CO
ZD

2

O
zc

>
cq

co

fe
W
ui

ZD
CD
UJ
a:

UJ
CO
ZDO
PS
CO

oX
>-
cq

e a

UJF

a
CNJ

3

cc3

ZD
CO

CD

O

3
lo-

llo
>-

s
cc
uj

_)
UI
:d
u_

UJ
zc

u_o

o
.J
UJ
ZD
u_

UJ

o -

CD CD
CC F
zd <r
u- X
-J F
ZD
CO Q
UJ
zc ZD I—

CO CO
CO ZD< <
co X
>—

i

UJ

UJ

UJ
ZD

o
a:o

oF
cc
LU
a.

3
Ln
c5

CD

CD

CC

CCo
^

t—^ o_ t>? LU o
•S— B^h z h
UJ

CO UDClJ 1—
cn

fa
UJ
rr

I - 2Po — UJ
CCQ (Y »—

i

-> ra
2 as 3

— CD LU |—
CD CD ll_ o is: r\
^ UD i£u1£ CD

F

CD —

"N

1
O

OO
CC

LU

CD

UJN
CO

cco

CO

3

F
CO
ZD

ZC

111

ZC
CD
t «

LU
rjz

tz

UJ
Z>
LU

CD

UJ

CD

fS
CO
cc

3

E rS
UJ

IJ_

CC

3
io
CD

>-
CD

LU
CO ZD
cc Oo LU
\— ao Li-
,<u_ CD

<i_
en •—

i

UJ Fe CO

o 15
o_ PQ

/~*s





r

T

>-
cc
LU h- CC CD
> Z CO LU OO LU X LU
UJ UJ LU - ;

'

CO O-J— —

'

PQ *--.

cd LU X 1- O X rx LU h- Lu - C CTI
uur^ ct PQ O h- X h- 21 < O CO OCD -»

o UJ - _1 UJ ;r" > LU -LO 1—CD COOD
x x Q_ h- PQ UL 000 X SILT. X (— CO - X 1

o < cc cr _J LU O CC *c~ CLOI < x x Pr—1 oro
X UJ CD CC LU LU 1—

1

CL CC • X O LU — -

CD h- > h- - i_n < > D_ CQ X < UJ^-v t— _1 cc -2L cc cocr
x .—1 UJ CD - < i_r> XLO _J LU X LU CO
—i LU u_ cc CD LU X CD Q r—

1

x cor\ O < 1— CO CL —• CL
_J CC 1 P - X UJ OO -J CD •—CTi 1— CD LU CO s; CL
PQ O > UJ X 2* z •—H •—

4

X U- X x.—

1

EI < PQ LU
PQ 21 h- X < < 21 O LU O - c h-CD < -1 >
3 UJ h- X h- t~* PQ 3r _J CL UJ X ZCZj — O LUCNI
cl 1— X CD . h- UJ U_ _J h- X X LUCD P CO LU OCj-

1—

1

X U_ q; X LU O 1- < X h- 1— CC _) ^ _1X 1

p 2: ^y 1—

1

XT. LU LU H LU \- CO LU < <i—1- < 11 in

x <r CC a. X h- -j p zsr > c* -te.
< c X O X X p p - < < LU O — KOJ LU •> p
z - V—« u_ z: h- —

' LU P > h- CC "N X LUi—i CC • «C
1- < x < co 1—

1

21 UJ UJ P 1—

1

CO LU X a CL < uj 1—cl.
UL ->- H X p h- X > _1 LU X X LU CD - LU— > h- LU PQ O p LU CO — _) CO < p — >- Z CO — LU
X < ct _l z CD LU CO \— X LU ILUh LU < — UJ X
CO P cr uu X _i < — CC Xh- PQ P CC CO •> h- --

UJ CC UJ p -1 CD h- LL. z. LU < P X CO _J UJ
q; q: Q_ h- UJ CD CO X X «—

1

< ZI LU O CC CO C LU X CD
X UJ Q_ X PQ clcd —. LU O P —

'

H LU < _J X — CC
O CL h- p p _l Q_ - CD > X 1- P CL LU LU X
X co UJ CD h- LU U_ _1 h- < CO X P 21 CD i O

1 UJ x z: CD a: 0-1 CO - z -J O H LU LU O LU CO X LU LUGO
h- CD P X a. LU LU LU —

• O X z CC 21 _l ^ — h- CD^'
x 2: CO U_ z h- X CD CL CO X u_ _<^. LU LU UJ X X i^ < <
CD O LL CO O < < — CC X M CC CO COO J < CL _l CC
1—

1

O < H X —I 21 LU LU O LU - p — < COLO hC JO -

UJ x PQ h- X Q- _J —• CC X P <C> S: — h- CO
< PQ CO _J P O LU < CO LU < CO ~ COCsJ C^ LU h-OO LU

X X _l 1—

1

LU LU — xcn X CO 2 2: p X X 1 LU " X CO CO
I— cr z: CC l- h-cn CO —

'

X oi_n CLO O - — ^ CO
< i_n cd CD X O cc Z >- CC - X •—

1 > < LU P X O
UJ UJ - X - CO s: < x LU UJ LU LU X >- _i coi—

1

-> UJ O <. —1

CC CD •—4 CD CO CL —

1

P X X u_ < CL < CO CO - PQ O <l
UJ _1 - < h- h- LU I— _1 p 2: 2: ^- UJ UJ' LU CC 5 LU

-z. Q PQ QCD LU h- C X X CC 51 CD CO - O LU O
z UJ PQ LULL. a z X X h- Sf-Li- CO CC CD LU UJ < CO _ 1— CD O

h- UJ X) LU2X x h- O O — UJ X CL O X - CO
CC o«c < LU P CC h- h- CL C£ h- cc _J -v P — 1— (- Px X X O U_ UJ LU LL < CC X X X -s _J UJ 1— < X X

^y UJ 5 LU U_ LU X OJE X < LU CO LL < LUCsl LU LU S < X CL —
1—. - O O z a h- X 1— f— LU CD z _l l-^l~ CD X X O h- X ±C
J- UJ cl CC O >—

1

\- \— CO CO >- CC X X X 1 < LU CO _l CD
co - < h- u_ h- PQ 2; - cc X LU CO X p LU _l CO •— COCL. CC CO LU O X X
< — UJ _l X a. LU CO < QL1K CL _J 1 <Z. O UJ < 1— h-
_l >- h- h- h- LU O 21 LU < LU P X 1— 1— < CL O
pa > co a: X 1— CC O CO U_ X Q. ro CD O LU 0<C CO < CO 1— X PQ

CO CC X n X UJ \- h- LU H •—

•

O CO Cvl ZXQ- _J —• X X 1—
>- > UJ p Q_ cr Q_ CO LU CDCD P CL LU CD -J 1— LU CO
cl < o_ P p z LU P P LU -J < CC -(X5 LU X ^~^ X — LU -~ —1 CO LU
< Q UJ UJ LU X 1—

1

Q_ LU > LU CD O CD CDC7 CL PQ - — 1— CD 3: < X P
Zf CO r>~ X -z.cz. ;r \- SI X CC CO < -\ CL ^ LU P CO < > O X
<—> UJ UJ 3 h- D2T LU h X X X < h- — cor^. 1—

1

X O X X — CC X — _l -J
Q > SI CO CO z CO CO CD CO _l X CC UJ CC LU < _) < P O CD X _J CD
en —< »—

1

CO u_ CO UL X CO —1 CO < ohm CO CO K X h- < h- h- —' O < X
CD LL \- <c <c c PX P <C LU < PQ CD'—1 CL XD »—

4

00 h- CO > CO <CO X LU CD >—

r

CD

CO
>- h-
CD CJ
X X
LU p
X
a CC
LU Q_
CC >-

J_ CQ

±C -.

< CD
LU X
CC 1—4

PQ _l
X

CO <

LU

CL

CD
CO

CD CD

CO CO
< <

X id -.

CO X _i
X •—

<

CL _i q:
CD p H-X X
>- < O
CC rx CD
<
;gr ^ h-
1—

1

co
CC X
Ol- cl: PXPQ DQ Q_ oc\ PX CX

»—

I

CO
X LU

CO
_u CO

CO
CD
X

•<
CD

1

»—

•

LU X
X LU
'—

'

CD PQ
CCX <

1 h- CD
LU 1—

1

O
CO OO CC
LU p
•— X >





CO
CD H Z 1—

«

<
z z 2 UJ

. - t—

«

I—

I

UJ _1 CO LU Z
2 _1 a _l < < - 1- LU _l
O CQ p" Q < > CO CD < X <
•— CQ < z > 1—

1

u_ LU CC h- CO

h- ZD LU •—

•

ZD u_ Z LU •—

«

LU < CC 2: D- ZD c? •—

•

Q O z > 5:
CO Q z LU O UJ LU LU czi

LU LU < X —

.

Q LU Z LU _J CO •—

<

LU rz
X CQ _i 1— GO O CD •—

•

LU t- CC O
h- >—

1

Q_ —

•

< CO Z Cxi a. < CC ZD CO
CC X X a: — < zrz ZD >- h- CJ ZD CO LU
CO LU 2z ZD CO _J LU < CD. <

- CO CZ) < O > Q _J CZD CD UJ LU
UJ LU LU CC CQ 1- "ZEL Z < CD CC s: h-
_l Q CC LU h- Q- LU CJ LU OO Q. <
CQ \—

1

> d: CC Q D. Q_ —-> X LU h-
< CO ZD O ZD 21 LU LU h- O 1- CC —
H »—

«

O X O O hO Q 1—

1

h- co < _l
LU LU CO X Q_ OO O z ZD >^->

CD H CC 21 CO CD LU —

>

Q Q CO CO
z < 1—

1

>- CC LU O LU CU Z LU <
t—> X CO h- CC LU Qi h- X CO LU O LU 1- LU
3z h- 2: LU o_ CV CJ > CC X <
O UJ LU > O Q. < LU 1—

1

CO 1 CC >-
_l 1— X < CJ ZD LU CQ h- LU <
_J zz 1—

t

h- u_ CC < ac z 51
o —

4

z CO H O Z o; -

LU _J LU Z < < CO H CC _l 1— X
LU LU O LU CO X _J LU O h- CO

LU LU Q CC CC CO LU h- LU h- h- CC •—

1

GO X O X >- < LU U_ > LU _J _i h- ZD X
<r K 21 h- _l h- O CJ" LU > < < z a 3;
zn _J CO < hO 1 CO
Q_ Z Z h- < h- CC ZD LU z cc -N

—

•

O ZD CD co h- LU Qi CO Q- o_ LU
>- >—

1

CQ 1—

1

< z t—4 CO - < 1—1 (/; h- 21
Cd z^ H h- , CO < CO CO 1—

1

co cc >—

1

<C S ZD ^ t—

4

CQ K—

t

1 Q_ z X LU a ZD LU h-
1 o _J > cu CO 2Z CJ a a 2:
1 X _J CC co X CO 1—

1

Z 1—

,

I— LU LU
i— CO O (J —

4

O h- X < _i C£ _i Z
c_D Q_ h- (3 ZD 21 LU < 2 < LU O^ LU < zz OO UJ X <^_ _J CO X h" LU
<a; cc

<
CC Z

<
UJ
a. LU

h- 6
ZD
CO

LU < CO U_
<

>—~

'

>-
Z

UJ < _l LU - X cc X LU Q CC <
nz LU Q. Q Q h- CO CC X LU CC -

1

—

CO LU X LU u_ (— CC LU < CD h-< X UJ h- CD -\ CO >- LU LU LU <
D^ X \- 1 Z < CO z 1—

1

\- CQ a z >- z
CO Q_ U_ LU q; Z3 -?l 1—

1

1— 2- ~\ 1—

1

Q
U_ Z _J > LU "T" 6 h- _J -\ CO LU < LU

>- 1 1 UJ > h~ X >——

1

< CO z X CC h- h-
CO cc CO LU < CO ZD UJ CO CQ < -

SEZ < CO Z O CC CJ < O \- <
CO _J zz >- —

|

LU - CO - ZD CO **s. LU LU
i—

i

_J _J 21 a: CO z ^L CC a LU z CO LU CO CC
go 1—

1

1—

1

_J < _J O >—

1

LU CQ z cc LU <
OO u CO < LU < >—

1

< < CJ —

•

< >—

1

z CO co X to > CO h- O CO h- Z _J
^~ < •—

<

1—

•

h- 2: CC CO co CO cc H CO < ZD <
LU 2: CO <—

«

LU 1—

1

z Q_ 1—

1

cjo 1- CO
LU LU < oz h- h- - 2: CC —

«

co 2: - < LU
1

—

X CQ co z CO LU LU h- h- 1—

1

LU <—i Q CQ Q.
OO h- LU LL < f—

1

UJ 1— < z CO—
1 O CO , 2: LU LU _J LU ^—-N LU CO CC z 1—

1

c=C cc q: >—

1

CO CQ »—

1

a 5: 2: y (- 2T LU < Q
nz ZD LU z I— •—

1

>—

1

1— ZD < >— 1- COX U_ LU h- UJ X Lf-, > < T-~ _J CO h" LU
UJ CO _l < z _l CD CsJ LU «—

•

ZD ZD UJ CO _l
CO CQ CC 1—

•

Z >—

1

h- CC X CO CD CQ LU <z CO < S >—• Q < ZD V- < »—

|

O CC X
< h- 2T h- O O jr h- CC CO CO co

»—

4

>- < CC X X co ^w^ CC Q_ < <
co Q LU •—

1

cr LU CC ZD I— h- < < LU
CO LU X CO < h- LU LU 1—

1

^-1 CO _J - Q. LU LU LU DZ
1— CO 1 CO T~ < > _J >^ s LU 2" _J CO O 1—
5~ ZD 1—

1

—

1

CC < ZD CD ^> < LU < 2T
LU 5~ Q LU CO C/D LU z LU _J X X < q: LU

LU - UJ oz Q LU CNJ _J < _J Q_ 1— CO X LU O
h- CC >- O X ^ ZIZ CQ CJ CQ
co < _i N jr H Q 1—

1

zz > 1— ^ a ^r h-
ZD I— \~ Q 12! > CO s- . z~~ CD LU ZD "21.

< CO Z v> zz h- 2: 2; CO 1—

t

CL LU CC h- H Z LU
X LU UJ CC < < O Q_ >—

•

h- a. y —1 < 51X h- ZD — Q_ LU D- jr •—

>

Q. X h- h- CC Q_
LU < a u_ CO Q ZD OO CC CO K> O 1

—

LU CJ LU O
21 UJ h- LU LO LU 00 _l CO LU h- _l—

|

CO co U K 1—

1

CD- a. LU LU -D < UJ
h- CQ < < q; 21 LU > > CQ LU >
co ZD _J CL < U_ CO O X LU Z ZD CC LU
LU CO CQ co D_ O —> CJ | CZ3 ZD CO CO Q





LU
O

i^ <
21 Cn
< O

I I—
oo

<
lu oo
_) O< a.
x oo
oo -

x
CQ

oo
-ell

a: oo
LLI ID
-I <
a x
PQLU

C\J

<-. LU

>

CXI

CD

OO

CD

OO
OO

OO
22)
<=u

x
L±J

CD

I I I I I I I I

OnICX]
Cn!OI
CnJCM I I I

N">ro uxouD K^KM^i NOr-O

•d -crcr r^iK^

UDLPl OOtX CTiCNl
crLnLn lot—i

oocxj

Lu
u
oo LL.

o
CD CD
r\ CD

r\ o cr
co

CO

s: Q
LL ZL
O LU <
O, >

CD cd CQ Z.o CD < LULU.
r^n CI> •—<o

-\ U_ COLO
3" o s:in<d

CX K"\ < At
CO A

CXCXCXl

oocooo l i I

uo

o
00

o
CD
CD

CD

Csl

CO
CD

O LU cn < cn cn < cn cn < cc <
< 21 X =3 IID X X 2D X 2D
Cn •—

1 Z. 1 1 2: 1 1 Z 1 2:
LU| cr z. N~N-^T 21 <—ico z. r^D 2T
> cx<£ OJ<i; <C <r

<

N

OD
LU
Y-

h- <
2T _l
< 2D
h- U
2D 1—

1

I—
_J cn CNj
O < CD CD
CL- CL_ OO (_>

CD

LU
cn

LU 2D
h- h-
< <
cm cn

LU
3r Qu

X O 5T

CO _J LU

OO
\-
2:
•—

<

<
cn
y-
00
z
CJ

QZ
<
00
cn
LU -

h- OO
LU cn
SI LU
< CQ
o; s:
< ZD
Q- z
T LU
CD OO
1— LU
00 X
LU 1—
CD

LU
q; O
LU Z

O
00 1—

>

z 00
OO

1—

1

2D
h- O
*-^ OO
a •—

>

z a
<

(O cn
Z
<—

1

LU
h-
< h-
cn X
LU LU
o_ h-

LU
LU X
O h-

LU LU
_J O
CQ
< uo
1—

LU
LU CD
X <
1— D-

o

a:

lu
cn

LU
00
<
LU
_l

O

cn

cn

00
<

CXJ

7





r*s

£
CJ
re

CD

_J<

CC

CO

o
CO
CO—

*

UJ

cc

•—

LU

LU !

f" be'

IX.
U_ IO I

ZD LU

I o
cj h-

1- ^
s a

i— UJ

UJ

PS

LU

f"

o
Li.

eg

LU
LU
cc:

CJ
UJo

u
»—

I

Q_
u_o
COF2
%
LU
CO

D
p
oro
u_

>-

d
§
ll!

o
UJ
Q-
co

CO2o
cco
Q_

CJ

D_

X
CJ

I

Cu

o
I—*

CD
UJ
or:

o
I—

qLU
CO
X>

CO<

LUQ
g

IXo
CQ

y
a.

CO

I

hLU
LU

Q

, R
8 ^

Z2Z

ULo
CO

o
K—

4

LU
CJ

CO

o
LUX
2o
CO
cc

o —

•

UJ

cco
>-

LU

CJ
LUO

O
—I
Cx_

LU
T.

u_o

I

o
Q_

o
cq

cco
u_

a:

LU2o
U..o

LU

UJXF

ax
CJ

a
en

CO2o
F

LUO

CO
CD

CsJ

CO

a
LU
D_
CO

>~
_J
CC
LUF
cc<
2)

u_o

I

CJ

o
cc:

CO
1

cj

CO
LU

CJ

LL.

2o
2
*—

4

CD

UJ

- <t

LU
UJ
CC
CJ
UJo

o
Q_
U.O

a "Z.

CO

5

O

I

Lb

a
CO<
CQ

UJ

CJ

CO

or
X>u
UJ
CO
UJX

PS

CD
CJ

c?

cc:o
u_

cc:o
n_

s
<3

a

CNI

UJX

cc:o
u_

UJ
cc:

P

<

CO

oF
o

LU
CC
CCOo
CO
cc:oFo<

o
CO
co

UJ

cco
_J

cS

—* LJJ

CO

UJo
cc:o
^c
cc

UJ

LU
CO

3

o—

4

FO
ZD
cc:F
co
2:oo
LUXF
CJ

cc:

ZD

X

I

Du
UJX

o
cc:

CO

u5

H

Lb
UJ
CO

e
s
CO
CO<
UJ
cc:

CO
_J

Cu

CC

3

UJ
2:o
UJ
CO

I

co
cc:

Q

cco

CO
cc

cco

CNJ

<
nc

Q.

o
t—

Q

I

CO
UJ

LU
CQ

2
LU

CO

LLO
cc
UJ
&

5o

>-

UJ

o
2:
»—

4

CC
cc
ZDOOO
CO

t
X
CO

I
u_o
a.

5
cc

o

CD
r—\

CO2

CO

LU —

•

LUXLUX

Q

O
CO

UJ
cc

CO
iC

y
cc

iC

a
ccF

Q
CO

LO

o
o

<
(J

5
CO
CO
<

o
CO
cc

cco
COX

CJ

Q
UJ2o
F2
g
I

o

UJX
CJ2
I—

I

M

zS

o
_J

CJ
•—4

LL.
U_

I—

CO

X

cco

a

•—

4

Q2
•—-4

CO2O
»—

4

P2
UJo2OO
_l

CD

O
CC
CJ

LUX

9
LU
•—4

CO

CD
LU
LU
Ol
CO

CD

CO
CO<
<
CD

<:

UJ
LLl

<~s

oX
CO

<~\

8





N

CO
CO

N

s

1
£
CD

CO

o

ID
CO
CO

UJ

I

CD

ce:

Q o< u_o
cc -

*B
uj lTS
LU UD
cc
CD CQ

LU COo cc
z: o< h-
ULl o
a s
U_ Oo

CO
CO
1—4

UJ

CD
UJ UJ
co \—

ay

c^fo

31
CO

CO
CC

o
h>.

CO
cc

"2 CO
ccD -J

q aO uj

CNJK^

CO

cc

X UJ

CD
O
>-

CO
UJ
CD

CO

CCo
CO

t— o_ <d

CO

o C
>- MZ X <

OJLO UJ
UJ oi u
2: O YO.
Sa^u.

Di O
cc cl_ d:

—
• o

<E uj^-S

UJQ
g

Q X
r-H I

r—1<5QS

CO
iCo
ZD
cc

+
co

s
C_)

ften
rH

co

o
»—

i

CO
CO—-*

I

CB

cc cc

X X

CD CD
c_> re

dz

CO
CCX

rH K^
CC

so

CC
UJ>o

CO |N"\3 1
2~

CD
ID

lR
i_n

S c3
*—

i

CCo cco

5

CD

cc
DZ

LA
CD

n

CO

o

UJ
CD

cS

^
CD

CD
CD

hQ_

LO
CNJ

CD

cc
UJ

t
cc
UJ

CD
ID

CD
+

CO
~2CO
»—

•

CO
ID
_Jo
2:

a

CO

CD

8
8

S cc

CO S_

8ctj
Ol. CO

< UJ
CD CO

g s
^ UJ

I _J

y s
CD a3
2: o
•—

•

cc
CO o_

z: i-
UJ CO
>. .-Q

>





en
UJ
co

UJQ

UJ
ZC
I—

p
UJ

5<
—i CO

3 o

o<
I—
CO

UlX
Ul
CO

cc:

CO

<
C_>

O
u_

UlQ

>-

3

Ul

eno
u_

U)
CO
•—

I

en

_i
a.

COo
CO

PQ

I-
D_o

Ul
Of<

ZD -<X
Ul

Q

CO
Ul
cc
zd

ui

Ul

X
Ul

>no<
h-
CO

o

<
Q-

CCo
u.

co

o
I—

3
ZDo
<

d

6o
zc

z3o
cc

CO

Ul
CO

cc

_J
a.

gX

CO
en
ui
h-

— o

r5
o_
2:

^

Ul
,C_0

o
CO

Ul

CO
Ul

a:

o
CO

_1<
COo
a.
CO

Q

CO

> CO zc 3T
y>J Ul I— <T
> Ul »~-4 fr
ZZ)

' f h- q
1

•—

1

UJ t
U_ o CO 1—

2: o
-J

zo

2:
Ul

1
Ul £

til

CO h- ~ZL

Ul

zc
I—

a
CO

o
UJX
Ul

CO<

a;o
u.

ui
CO
»—

•

en

5
_j
Q_

Ul
ZCF
UI

UJ

Ul

a
CO
ZD

COp
Ul

Cno

2:o

<
ZDa
ui

Ul
CO
•—

I

*H
_Z>

_j
a.

UJ

—< CO

a. zco h-
CO

.zc

CO

o
do
u.

co<

1—

a
Ul

CO
CO
CO—

I

cn
PQ

o
a:

cn.

uiQ
co

o

<
ZDa
ui

LU
zc

UlQ

>-

3

UJ
zc

Ul o
zcK

z5
CO Q_

o —
co eno

< hz

ui

LU

3a
CO
CO
CO—

«

en
PQ

co
czn

CO

CO
PZ)

CO
en
ui

I
Ul
CO
I—

I

en

±
_j

u
Ul
co

CO

ui
hUJ2

oo
.-J

I-

X
Ul

CJ<
co

UJ

o
Ul
CO

o
Ul
CO

CO |SO
en co
i.u en
r— ui
UJ R

Q
uj
ui
a.
co

tz

Ul

UJ

ui

UJH

o
_j
u.

Z3
_J

II

C^co

UJ
z>
J= ta-

ll

CO

CO
en
ui

en

F
1

uj

<:

o

<
CO

II

co

CO

zc
h—

R
CO

UJXH
zSo

o
en

>
h-O
z:

Q

CO
Ul

CO

LU

o
UJ
CO

<

LO

CD
U_O
Ul
ZD
_J

5

c_)
OO

UJ

zS

ui

Ul
Ul

—
• o

_J -^

§ 9u

co

H

ui

cc:

Q
tz

<
UJ

I o
a
co
<r

CO

LU
ZC

8
_j

h-
»—

«

X
UI

o
LU
LU
D_
CO

Q
2Z

Ul
CO

y
UlX

Ul

o
CO

o
h-
I—

I

Q
oo

UJ 5

zc

LLo
o
6
Z3
u_

<
CO<

10





^s

"N
C/)

CO

UJQ
9

2:O

<
a
LU

3
CO

CD
3

< 1—

•

>
PQ

LUO
LUX > LU
H 1

—

b
2: g
>—

1

>
LU

a LU § a
CO • 1 _J LU
ZD 21 s C£

a.
CO

LU - LU

§ LU h-
LU g—

1

i* k LU
CO

<T N CO 1—

4

1—

1

3 CD —I
«

fe
on

cZ R 3 LU

h- < 5 Z)
u_ V CO h- 8 _J

LU > < co a.

CO
•—

1

Is a 8 >? II II II II

q: 1 CO co CO CO < IE

a
GO Z3

J

rn Q > Q >- <
CO

II

ID •—

1

1

_J CO 3a
D- LU CO < 1

CO
CD

CO

5 fcj
—>

1

CO
»—

«

cc cc
q: .0
PQ Ll_ LU

-N

ID
PQ

CO

11





[CTEOROLOGICAL WORST-CASE CANDIDATES

This chart tabulates the worst-case meteorological condition

candidates examined in the study. the two-year environmental

baseline was screened by stability class for consecutive hours

of wind direction, this resulted in identification of candidates,

'usually more than one, for each stability cu\ss and direction.

Hours of consecutive direction, average wind velocity, date of

occurrence, ambient temperature, ambient pressure, and time of day

were all tabulated. from these tabulations, one case for each

direction and stability class was selected for study based on

hours of persistence and wind velocity. this table shows the

hours, the average velocity, and the date of occurrence of the

selected candidates.

the longest duration was d stability ssh direction with 25

hours and average velocity of 24.7 mph, other cases that

resulted in high concentrations was f stability, ssw 6 hours

that carried pollutants into high elevation bluffs north north-

east of the sources, and a stability wnw 6 hours carrying pollutants

into higher elevations to the south east.
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NETEOROLOGICAL VsDRST-CASE CANDIDATES

Wind
Direction Value A B C D E F

N

P

V
D

2

1.5
6-5-74

4

6

9-28-76

3

14

4-30-76

6

14.5
4-30-76

->

i.

1.5
1-27-75

2

3

6-7-75

NNE
P

V
D

2

2.3
12-8-75

2

8.5
9-27-75

2

14.5
9-30-75

5

4-26-75

3

13.3
9-20-75

2

0.5
9-22-75

NE
P

V
D

1

2

12-8-75

4

7.8
7-22-76

2

10
6-16-76

2

2

1-22-75

2

2

8-9-75

ENE
P
V
D

2

3.5
9-8-75

2

4.5
8-20-75

2

3
8-29-75

E
P
V
D

2

2.5
11-15-75

4

4.5
7-31-76

2

2.5
8-21-75

4

4.8
11-11-75

3

1.7
8-3-75

ESE
P

V
D

2

3

12-17-75

2

9.5
5-21-75

3

7.3
8-9-75

3

1.3
2-17-75

SE
P
V
D

4

8.5
5-6-76

5

13.8
7-23-76

4

7.3
8-22-75

6

6
2-23-76

SSE
P
V
D

3

1.6
5-5-75

3

6.0
12-6-75

2

13.5
4-25-76

3

15
10-10-75

4

8.3
8-27-75

4

3

12-3-75

S
P
V
D

6

7.8
3-31-76

2

12.0
3-11-76

11

22

10-11-75

4

14.5
4-15-75

5

4

1-19-75

ssw
P

V
D

2

4

12-5-75

5

10
2-11-76

4

14.5
3-18-75

25
24.2

2-7-75

7

16
2-11-75

6
2.5

6-5-75

sw
P
V
D

3

6.5
5-8-76

7

10.7
10-18-75

3

14
4-9-75

10

17.5
4-22-75

6

14.5
4-13-75

3

5.3
1-23-75

wsw
P
V
D

2

1.5
8-1-76

4

9.3
6-11-75

2

12
8-23-76

5

18
4-9-76

2

9.5
3-23-75

2

5.3
8-2-75

w
P
V
D

4

3.8
2-5-76

4

7.5
4-29-75

2

11.5
6-24-76

4

21.5
1-25-75

10
4.7

9-19-76

2

3

8-8-75

KNW
P
V
D

6

3.2
10-27-75

7

9.6
5-2-75

3

8

1-1-76

6

21.1
3-19-76

3

9

2-14-75

3

7

9-17-75

NW
P

V
D

3

2

10-24-75

7

10.9
12-14-75

8

7.5
10-23-75

4

16.5
11-19-75

3

7.3
2-15-75

2

4.5
1-1-75

NNW
P
V
D

3

2

11-8-75

6

8.7
5-31-75

3

14.7
5-29-75

4

16.8
1-21-75

3

9.7
1-9-75

2

3

1-1-75

NOTE: Blank Cases are 1-Hour Duration
P = Persistence in Hours
V = Velocity in Miles/Hour
D = Date of Occurrence in the baseline studies
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RECEPTOR LOCATIONS: 50 GRID

The EPA Valley Nodel was used to determine pollutant

concentrations at hypothetical ground level receptors, the

receptor network is an input to the model. the network

center (origin) for the computer runs was established at the

mine vent with seven receptors located along each of the 16

compass directions. a scale factor identified as grid is

used to provide some control over the area studied. two

Grid factors, 50 and 200, were used to measure ground level

concentrations close in and at more distant points respectively.

This chart shows the location of the 50 Grid receptors

relative to the mine vent center and the c~b tract boundaries,

the numbering convention is nl through n7 for receptors in the

north direction, nne 1 through nne 7 for receptors in the north

northeast direction, etc. note that receptor ne 4 is at the

Tract boundary along Cottonwood Gulch. The highest concentration

of fugitive particulate matter is expected at this

location.

in
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RECEPTOR LOCATIONS:

200 GRID

The 200 Grid receptor locations are show on this chart

relative to the mine vent center and the tract boundaries.

This Grid encompasses an area of approximately 11.5 kilometers

(7 miles) radial distance from the mine vent and includes high

elevations regions both north of plceance creek and south of the

Tract. Receptor NNE 4 is near Collins overlook with elevation

of 7500 feet and is in the predominant down wind direction.

Elevations south and south east of the Tract are in excess of

7500 feet above sea level.
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ANNUAL WORST-CASE ISOPLETHS FOR S0
2

^

the so2 concentrations at each of the ground level

receptors on a 200 grid scale were found by using the epa

Valley Model, Isopleths were drawn by interpolating

between the receptor concentrations, allowing for changes

in elevation between receptors and for lcations of pollutant

SOURCES.

The chart shows 0.2 ug/m^ and 0.1 ug/m^ isopleths for

SO2 concentrations relative to the C-b Tract boundaries

over an annual averaging time. The highest concentrations

of SO2 lie in the high ground north of Piceance Creek. This

situation is caused by predominately southwesterly winds v
blowing across the principle source of pollutants - the gas

treatment facility - which is located along the north

boundary.

the isopleths indicate annual worst-case so2 concentrations

well below the maximum allowable annual s0
2

standard of 3.0 ug/m .

i
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ANNUAL WORST-CASE ISOPLETIIS FOR PARTICULATES

. The particulate matter concentrations at each of the

ground level receptors on a 200 grid scale were found by

using the EPA Valley Model, Isopleths were drawn by

interpolating between the receptor concentrations,

allowing for changes in elevation between receptors and

for locations of pollutant sources,

This chart shows 10,0 ug/m^, 5.0 ug/nk, and 1,0 ug/m^

isopleths of particulate matter concentrations over an

annual averaging time relative to the c~b tract boundaries,

the origin used in the calculation of receptor concentrations

was at the mine vent and lies within the area exceeding the

maximum allowable annual particulates concentration of

10 ug/m^,

These isopleths are based on 160 acres of raw shale

disposal area in cottonwood gulch. the disposal area is

THE PRINCIPAL SOURCE OF FUGITIVE PARTICULATE MATTER, It

IS SHOWN IN SUBSEQUENT CHARTS THAT REDUCING THE DISPOSAL

AREA TO 80 ACRES RESULTS IN A MAXIMUM CONCENTRATION OF

9.26 ug/m^ which is below the annual AVERAGING time

STANDARD OF 10.0. THE PREDOMINANCE OF SOUTH AND SOUTH-

WESTERLY WINDS CARRY THE HIGH CONCENTRATIONS TO THE! NORTH.

2'l
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PARTICULATE CONCENTRATIONS

24-HOUR AVERAGING TIME

This chart shows a plot of the particulate matter

concentrations versus acres of exposed raw shale in cottonwood

Gulch for the 24-hour averaging time, The Class II standard

is 30 micrograms per cubic meter, With no control on the

exposed raw shale the acreage must be limited to 80 to remain

below the standard. wlth 50 percent control, approximately

150 acres can be utilized for the disposal area. wlth 80

percent control achieved through application of chemical

stabilizers there is no problem in complying with the 24-hour

AVERAGING TIME STANDARD. Th I S CONDITION WAS BASED ON WORST-

CASE METEOROLOGICAL CONDITION OF D STABILITY, SSW WINDS WITH

PERSISTENCE OF 24 HOURS, AND AVERAGE VELOCITY OF 24,2 MILES

PER HOUR.
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c-b Shale Oil venture
V
2372 G Rood- P.O. Box 2687
and Junction, Colorado 81501.

(303)242-8463

e ,lnc.
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do I no

June 28, 1977

Mr. Peter A. Rutledge

Area Oil Shale Supervisor
U.S.G.S. Conservation Division
Mesa Federal Savings & Loan
131 N. 6th, Suite 300
Grand Junction, Colorado 81501

Dear Mr. Rutledge:

We are sending you the following items as additional information
for Section V-A of the DDP Modification:

1. Air Pollution Control Plan

2. Estimate of Mercury Emissions.

^ery truly yours,

C-bME OIL VENTURE

R. E. Thomason
Manager, Leasehold Development

RET:pmr

Attch.

cc: J.

R.

R.

J.

A.

J.

Hill

Loucks
Fernandes





AIR POLLUTION CONTROL PLAN

FOR TRACT C-b

Introduction

The air pollution concerns during the development and operation of Tract C-b are

(1) dust from roads, from construction, from the handling of raw shale, and from

the raw shale dump; (2) pollutant emissions from mining; (3) pollutant emissions

from the ancillary retorting unit; and (4) pollutant emissions from the full-scale
retorting operation. Pollutants of concern are sulfur compounds, carbon monoxide,
hydrocarbons, particulates, and oxides of nitrogen. Measures to be used in con-

trolling these pollutants are described below.

Before proceeding to a description of the pollution control measures, it should
be noted that tall stacks will be used to disperse the pollutants (except dust
originating at ground level). Plume rise calculations and dispersion modeling
for various exhausts are reported in transmittals to the Area Oil Shale Office
dated June 15, 1977. Further reference will not necessarily be made here to

such dispersion, but it should be kept in mind when interpreting the informa-

tion presented here. Also, please note that the expected emissions for the

various operations have also been previously tabulated and submitted to the

Area Oil Shale Office.

Dust Control

Dust will be controlled on the main access road by paving it. Dust on other
roads will be controlled by wetting down, oiling, or the use of palliatives,
depending upon the intensity of use and the severity of the problem.

Dust in handling raw shale will be minimized by virtue of the shale being
moistened when coming from the mine. The raw shale dump will be moistened or

have a dust control agent applied and will be vegetated to control fugitive
dust. The amount of exposed acreage will be restricted to avoid significant
deterioration of air quality from fugitive dust.

Mi ne Exhaust

Air coming from the mine will be cleansed of particulates by passing through a

bag house or by some alternative means such as electrical precipitation. Prior
to such cleansing, about 80% of the dust in the air will have settled out in the
mine.

If diesel equipment is used in mining, its exhaust will be catalytical ly scrubbed.
Noxious gases from periodic blasting will be exhausted without control; their
dispersion from the stack is adequate to keep ground level concentrations within
acceptable levels.

Anci

1

lary Operations

The ancillary operation has two exhausts in addition to the mining exhaust: the
burned retort offgas exhaust and the steam boiler exhaust. The retort offgas will
be treated to remove sulfur compounds before it is thermally oxidized. If organic
sulfur compounds are sufficiently low in concentration, then the treatment will

be with the Stretford of similar process to remove hydrogen sulfide. If organic





sulfur compounds are too abundant (in terms of the sulfur dioxide they would form),

they will be removed by other 1 appropriate equipment such as an alkaline scrubber,

e.g. monoethanolamine (MEA) and then caustic. Such a treatment will also remove

hydrogen sulfide and thereby reduce or eliminate the need for Stretford processing.

Carbon dioxide may be removed with a hot potassium carbonate process before treat-

ing the gas with monoethanolamine in order to avoid loading the MEA with CC^. In

any event the equipment selected would employ best available commercial control

technology to hold emissions below regulatory limits.

Burning the retort offgas will convert carbon monoxide and hydrocarbons to carbon
dioxide and water. Particulates will be at very low levels. Residual sulfur
compounds (i.e. after the cleaning described above) will be converted to sulfur
dioxide. Oxides of nitrogen will be kept to a minimum by keeping the flame tem-

perature down by using adequate excess air. All pollutants will thus be at suf-

ficiently low levels that they can be adequately dispersed by exhausting through
a tall stack.

The steam boiler will burn very low sulfur fuel (<0.025%S by wt.). Its flue gas

will be exhausted through a tall stack without treatment.

Full-Scale Retort Operations

The main differences between the full-scale operation and the ancillary operation
described above are the scale of the operation and the fact that steam will or-

dinarily be generated by burning the offgas. Thus, there will ordinarily be only
one process exhaust stack, which releases burned retort offgas. This gas will be

treated before burning, as described above. The boiler will be fired with low

sulfur fuel, as above, whenever retort offgas is not sufficient, e.g. start-up
conditions and upsets or emergencies.

Upset Situations

In the event of retort upsets, exhaust air flows can nevertheless be maintained.
This will enable the reduced amounts of pollutants to be adequately dispersed so

that air quality is not significantly degraded.

There will be some spare capacity in the gas handling facilities, which will be

•modularized. Thus, one or two modules can be out of commission without impairing
the overall gas handling capacity. If, however, the working capacity of the gas
facilities is less than that required by the number of retorts that are operating,
then one or more retorts can be banked until the necessary facilities are back
on stream.

Note: Burned retort offgas and boiler exhausts will be hot (ca. 400°F). The mine
"Ny exhaust will be jetted out (ca. 30 m/sec). Thus, plume rises will be

significant.

-2-





Claremont Engineering L.mpany

19 May 1977

To:

From:

H. E. Thomason

A. M. RusICppP

Subject: Mercury Emissions to the Atmosphere

I have estimated our mercury emissions and compared them with allowable
levels. The emissions were estimated on the basis of a recent paper by

John Donnell and Van Shaw of the U.S.G.S. The allowable levels were de-

termined from Colorado Air Pollution Control Regulation No. 8. The conclu-
sions are(l) our predicted emissions are one half the allowable emissions
if all the mercury is in the form of alkyl compounds, and (2) our predicted
emissions are one tenth the allowable emissions if none of the mercury is in

the form of alkyl compounds.

My calculations and Donnell' s and Shaw's article are attached.

P.S. Donnell and Shaw show that 2% of the initial mercury remains
in the spent shale. Between 15% and 16% goes into retort
water (water from the retorting reaction). Twenty-five per
cent goes into the oil. And 58% goes off in the gas.

cc: G. E. Fosdick
J. J. Hill
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^NlERCURY IN OIL SHALE FROM THE MAHOGANY ZONE OF THE

GKEEN RIVER FORMATION, EASTERN UTAH AND WESTERN COLORADO

By JOHN R. DONNELL and VAN E. SHAW, Denver, Colo.

&*/2X-& 14 tei/m-24SD
\ b.itract—Mercury lias been reported in concent rn tions as tillintclv illlO the human System. Mct'CUry Contained in

,:h ns 4 parts per million from oil shale III the Green Hirer
t],c wa*|

cl. produced flOIU UlC slialc in MlC retorting

process will pose a similar hazard (o st reruns and vege-
rmatlon near tlic federal nil-slialc prototype lease-tracts

n and U-b in eastern Utah. This high concent rat ion of

rcury if present throughout a minnhle zone, ivmih] he of
lation. McrCliry 111 the Oil prodllCMl flOlll UlC Shale

ncern In commercial oii-shaie operations processing large presumably will be present in quantities no greater

lnrues of shale. Using an improved analytical method, sur- than tliose in most crude oils. Mercury tliat remains
e samples from eastern Utah previously reported to con- ;„ t ], p rclo ,ted residue may l)C fixed in the inorganic

; n bipb concentrations of mercury were reanalyzed, and an
fraction or in the remaining organic carbon, or il may
be leached from the tailings and enter the ecosystem.

O.

dilional ]S3 drill core samples from the Mabocany zone

d adjacent beds were analyzed. The reanalyzed samples

ernged slightly more than 35 ppm mercury and the drill- Four tracts of Federal land in Colorado and Utah
re samples averaped 37 PPm The products from a Fisclier totaling slightly more than f

_>0
;
000 acres (8,100 hec-

-ay of ]00-CTam sample of oil shale, found to vield 33 pal- . x i i ;. 1fl-i i ii tt c ta » >' Jwt
' - * tares) were leased in 19/4 under the U.S. Department

is per ton of oil and 43 ppm of niercurv, were analvzcd for . .. . . .

. „ , „, _.. „, . ,, , „ „,,i.. o „ of the Inferiors prototype oi -shale leasing program.
•lr mercury content. The spent shale contained only 2 per- i

.
i tr> I r-

it of (be total mercury in the assay products and the gas The potential total productive capacity of these tracts

iction contained about 58 percent. is in excess of 300.000 bbl of oil a day for a period of

at least 20 years. Under the terms of the leuse the

lessees are required to monitor the environment for a
roject Independence blueprint gives several pcHod of at )east j ycn] . pnor (o sn

'

u^itt ing a finn ]

ii .,cs for (he development of oil shale (U.S. Fed- development plan. Core obtained from exploratory
tl Energy Administration, 197F p. 00). Under mini-

rf ri ]]j ngi w]lich is part f)f l]l0 monitoring process, is

un production, 50,000 bbl (barrels) of oil a day will ana ] yz( ,

(1 for tiace elements, including mercury. Trace-
produced from oil shale in 1080, increasing to 750,- c]cmpnl analYSCS ( ]one bv the lessees are on composite
J bbl a day by 1990.' The most optimistic projection samp ] cs from fair] v ,],ick oil-shale intervals not pec-
ulates a production of 200.000 bbl of oil a day in PSSar;iy related to minablc units.
^0, increasing to 2.5 million barrels a day by 1990. ^ ,

, . , ~, ,__ /r , . ,. ,

, , . . Core samples from hole C-l i G nj;. 1). which pone-
en under the most, conservative protection of pro- , ., -., , , , ', , ,

, . . , -i , , , . , ,
trated the iMalioganv zone, were selected bv ns for de-

I'lion. lai"e quantities of oil shale may be mined and •, ,
,".„,,,„, , _ " .

, . . , __,, „ ;
, , ,

tailed mercury anahsis. Core-hole C-lrG is southeast
icessed bv the Near 1990. Because of the lar^c vol- , . -,

, , . , ^ ,,*.,,'. , , ,
OI prototype oil-shale test-lease tract C-b.

ie of material being processed, metals such as mer-

ry, though present in very minor quantities in the

tie, may have, an effect, on the environment. The
mint, of these trace metals and their ultimate dis- Thus far a systematic analysis of oil shale for nid-
ation during and after processing of the shale is cury has not been undertaken. In 1950 K. A. Cadignn
importance. of the U.S. Geological Survey collected eight samples
If a largo part of the mercury present in oil shale from an SOO-fool (-JI 1-inrlre) interval in the Green

. :s the ga? fraction of i cloned shale, the mercury Kivei Formation in eastern Utah, and had them nna'l-

v be washed from the atmosphere into streams or yzed for mercury. The samples eame from the outcrop

y Iv absorbed by vegetation. It might ihen travel in Hells ] Inle Canyon, see. 17. T. 10 S., K. 2."> 10.. about
iiligh the food chain to the grazing animal and til- 1 mile (l.G kilometres) east of the east edge of the

I.. rnnx. r rr>nrrrK II 1,1,1 = 4? pull to ruble metre* multiply hy
prototype lrasctiact U-b. TllC ail.llvsis indicated .1

jM^nipi/C'V.i^'
,UU U' m,(

'

n,) lu UlrM '"' mclr,« ,OM inaMinum of 1.0 pans per million mercury from the

221

PREVIOUS WORK





U U UULilU Ull juillUl U

2372 G Rood- P.O. Box 2687
Grond Junction, Colorodo 81501

(303)242-8463
^WStc&L.

y .

Occldenlal Oil Shale ,lnc.

Operator

Ashland Colorodo Inc.

April 1 , 1977

Mr. Miles D. LaHue

Area Oil Shale Office

Mesa Federal Building

131 No. 6th Street, Suite 300

Grand Junction, Colorado 81501

Dear Mr. LaHue:

RECEIVED

APR no//

OFFICE OF

AREA OIL SHALE SUPERVISOR

U.S. G.S.

r

We recently answered your request for comments on the proposed "Minimum Guide-

lines for Detailed Development Plans: Air Pollution Control Plans and Related

Modeling Analyses." At that time, I indicated that we would soon be responding

to specific questions in the guidelines, and I would like to do so now.

All but two issues raised in the proposed guidelines are addressed in either the

original Detailed Development Plan, the November 1, 1976 DDP supplement on air

quality, or the Modification to the DDP that we submitted a few weeks ago. The

two issues not previously addressed are (1) provisions for start-up and upset
conditions, and (2) potentially hazardous emissions; both are discussed in this

etter.

Start-Up and Upset Conditions . From the standpoint of air pollution control,
the significant aspects of start-ups and upsets are (1) the possibility that the

off-gas flow rate will be too low for good pollutant dispersion under these con-

ditions, and (2) the possibility that either the Stretford plant or a boiler or

thermal oxidizer will malfunction.

The off-gas flow rate is itself not the critical flow; rather the critical flow
is the stack flow rate. If fewer retorts are in use than called for in the final

design, the stack flow rate can nevertheless be sustained by continuing to supply
the necessary volume of air to the stack directly from the blowers. This will

keep the exit velocity up and thereby help disperse the exhaust pollutants. Such

a practice will lower the exhaust temperature somewhat, but counterbalancing this

effect is the fact that there will also be a smaller amount of pollutants to dis-

perse. Incidentally, this approach will not violate the regulation against di-

lution to meet emission limitations. We will already be far below the emission
limits, so dilution is not being used to meet the limits.

The Stretford plant that removes hydrogen sulfide from the off-gas will be modu-
larized. Part of the plant can be out of commission without causing the whole
plant to be down. A measure of excess capacity can also be provided to take care

•of cases where just one or two modules are out. Also, a fraction of the operating
retorts can be temporarily banked if necessary in order to match the input to the
Stretford plant with its active capacity.

The boilers or thermal oxidizers will also be modularized so that a segment can
be down without putting the whole plant out of commission. As before, if the

active capacity of these units is less than required by the retort off-gas, then

y ycDO^jD





. 'V Miles D. LaHue

ea Oil Shale Office -2- April 1, 1977

some of the retorts can be banked until the active capacity is adequate.

^

Potentia lly H azardou s Emissions . The only potentially hazardous emissions that

we can imagine are hydrogen sulfide and possibly arsenic and arsine. Hydrogen
sulfide will be stripped from the off-gas down to 15 ppmv or less in the Stretford
plant; this residue will be converted to sulfur dioxide when the off-gas is burned.

Thus, hydrogen sulfide will not be emitted to the atmosphere. (See also the above

discussion on upsets.).

We are not sure just what levels of arsenic or arsine will occur in the exhaust,

but we know that arsenic accumulates preferentially in asphalts and other heavy

ends of the product oil. Light fractions, i.e. those with boiling points less

than 375°F, contain less than 2 ppm arsenic by weight. If we assume that the

arsenic content in the organic fraction of the off-gas also does not exceed 2 ppm

by weight, then we can determine if this amount constitutes a hazard in the exhaust.

Calculations to this end are attached.

As shown in the calculations, the allowable emission rate for arsenic is more than
35 times the maximum expected emission rate. The allowable emission rate is also
more than 15 times the maximum expected emission rate for arsine (if all the arsenic
were in the form of arsine). Thus, the maximum expected emissions of arsenic and
"rsine are far below what is allowable. No hazard from these materials is antici-
.ted.

Please contact us if you have any questions on these issues.

Very truly yours

,

C-b SfiALE OIL VENTURE

Or^r-

R. E. Thomason
Manager, Leasehold Development

RET:pmr

cc G. E. Eosdick
J. J. Hill

R. A. Loucks
R. J. Fernandes

Attch
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Claremont Engineering Company

EVALUATION OF ARSENIC AND ARSINE
HAZARDS IN THE C-b EXHAUST

Evaluation of potential arsenic and arsine hazards in the C-b

exhaust is based on comparing expected emissions with allowable emissions.

The calculational procedure is described below, and the calculations are

attached.

First, the maximum expected weight fraction of arsenic in the off-

gas is converted to the maximum expected weight fraction of arsenic in

the exhaust. Two ppm by weight in the organic fraction of the off-gas

is equivalent to 0.52 ppm by weight in the exhaust.

Second, the allowable concentrations of arsenic and arsine at ground

level are calculated on the basis of Colorado Air Quality Control Regula-

tion No. 8. This regulation limits ground level concentrations of a

pollutant to 1/30 of its Threshold Limit Value (TLV) , i.e. 0.5 mg/m 3 for

arsenic and 0.2 mg/m 3 for arsine. The ground level concentration limits

for arsenic and arsine are thus 17 ug/m 3 and 7 pg/m , respectively.

Third, the allowable ground level concentrations are then converted

to allowable emission rates by using the dilution factor for the stack

exhaust. The dilution factor is determined by knowing that the stack

must be such that sulfur dioxide is diluted from 8 ppmv to 15 ug/m 24-

hour average), which is the most demanding dilution requirement. (Note:

All effects are converted to moles and then converted back to concentra-

tions by weight or volume as required.) The allowable emission rates are

19.5 ppm by weight for arsenic and 7.9 ppm by weight for arsine.

Finally, the allowable emission rates and the maximum expected emis-

sion rates are compared to determine if there is a potential problem.

Thirty-five times more arsenic and fifteen times more arsine could be

emitted than is expected without violating Regulation No. 8.

n A>m

3-25-77





c-u 'Stale Oil venture
2372 G Rood- P.O. Box 2687

> 3rond Junclion, Colorodo 8150

(503)242-8463

Occidenlal Oil Shole ,lnc.

Operator

Ashland Colorodo Inc.

April 11, 1977

Mr. Peter A. Rutledge

Area Oil Shale Supervisor

Mesa Federal Savings & Loan Bldg.

131 N. 6th - Suite 300

Grand Junction, Colorado 81501

Dear Mr. Rutledge:

Attached is a revision of Table V-A for the C-b DDP Modification. This

table incorporates estimates for emissions from the mine vent and the

shaft disposal pile that were overlooked in preparing the table initially.

The addition of these sources does not materially affect the conclusion,
i.e. the emissions of the revised scheme do not require stacks beyond the

realm of reason. With the exception of carbon monoxide and the 3-hour
sulfur dioxide emissions, all emissions from the revised scheme are less

than those of the original DDP. The carbon monoxide situation is not

critical because neither the one-hour or eight-hour standard is really
threatened; see table footnote #12. The 3-hour sulfur dioxide emission
is less than five times the 24-hour emission. Thus, it will fall within
the appropriate standard when the stack is designed for the 24-hour
standard; see footnote #10.

The assumptions incorporated in these estimates are cited in the footnotes
to the table. The table also incorporates the narrative appearing in the
DDP modification.

\lery truly yours

,

C-b sha\e OIL VENTURE

'R. E. Thomason
Manager, Leasehold Development

RET: : pmr

cc: G. E. Fosdick
J. J. Hill

R. A. Loucks
R. J. Fernandes

A. M. Ruskin
\
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C-D ~Shale OH venture
2372 G Rood- P.O. Box 2687

rond Junction, Colorado 81501

(303)242-8463

7
Occidental Oil Shale ,lnc.

Operalor

Ashlond Colorodo Inc.

EIVED

April 15, 1977

APR 18 1977

OFFICE OF
AREA OIL SHALE SUPERVISOR

U-S. G.S.

Mr. Eric Hoffman
Area Oil Shale Office
Mesa Federal Savings Building

131 North Sixth Street, Suite 300

Grand Junction, Colorado 81501

Dear Mr. Hoffman:

You asked for a summary of the sources of oxides of nitrogen for the

original DDP for Tract C-b and for the DDP Modification. Accordingly, I

list below the annual hourly emissions of NO for the two schemes.
x

Original DDP

Mine vent 250 Ib/hr
Pyrolysis preheater 1,479
Pyrolysis elutriator 126

Coker furnace 9

Hydrolysis .feed preheaters 5

Hydrolysis unit reboilers 12

Hydrogen reform, furnace 90
Util i ty boilers 24

Total 1,995 lb/hr

DDP Modification

In-situ off-gas combustion
Mine vent

Total

588 lb/hr
300

888 lb/hr

The two mine vents produce comparable amounts of N0 X on an "annual

average" basis. The major difference, therefore, is due to process
differences, not mining differences.

We have learned that one must be rather careful in responding to

questions about sources of N0 X . The temperature of retorting and the
temperature of combustion must be distinguished if the process is one of
direct combustion. If the process is indirect, the fact that there is a





Mr. Eric Hoffman Page 2 April 15, 1977

separate, high temperature fired unit must be pointed out. And whether re-

torting is done with an oxidizing or reducing atmosphere must be noted.

Thus, the answer to Mrs. Wright's question at the Oil Shale Environment
Advisory Panel meeting should have explained that the TOSCO process uses an

external high temperature fired unit with an oxidizing atmosphere, whereas
the Occidental process uses a lower combustion temperature and a reducing
atmosphere in a direct combustion process. The retorting temperature per se

is not the issue. What N0 X is produced in the Occidental process comes
from subsequent combustion of off-gas in an oxidizing atmosphere; this is

less than is produced in the external fired units of the TOSCO process.

Very truly yours

,

LE OIL^/ENTURE

R. E. Thomason
Manager, Leasehold Development

RET:rp

cc: A. M. Ruskin
R. A. Loucks
R. J. Fernandes
J. J. Hill

G. E. Fosdick





c-b Shale oil venture
l^y 2372 G Road -P.O. Box 2687

5rand Junction, Colorado 81501

(303)242-8463

ccidental Oil Shale ,lnc.

Operator

Ashland Colorado Inc.

June 16, 197^[£CE1VED

Mr. Peter A. Rutledge
Area Oil Shale Supervisor
Mesa Federal Savings Building
131 North Sixth Street, Suite 300

Grand Junction, Colorado 81501

JUM2 81977

OFFICE OF

AREA 0!L S'.'.ALE S'J?I2V!S0R

U.S. G.S.

Dear Mr. Rutledge:

Pursuant to our discussion in your office on June 2, 1977, I am submitting

additional information on plume rises for C-b's full-scale operation. This

information further substantiates the claim in my letter of February 9, 1977,

that the plumes for the modified in situ process will rise as much or more

than the plumes envisioned in the original DDP. Since our projected total

pollutant amounts are less than those projected in the original DDP, it is

clear that the stack height determined for the original DDP is adequate
for our case as well, providing of course that we locate our stack similarly

to theirs. The stack locations for the two cases are indeed similar, i.e.

near the high part of the center of the tract, so the comparison is valid.

The plume rises calculated for process units in the original DDP range from

96 to 107 meters for nominal wind speeds, depending upon the particular
process unit. The plume rise calculated for our process unit ranges upwards
from 298 meters, depending upon mean wind speed. The value of 298 meters
corresponds to a mean wind speed of 15 meters per second (33.6 mph) . At

lower, more typical mean wind speeds, e.g. 2 meters per second, the plume
rise is on the order of 2,200 meters. This large rise occurs, of course,
because of the high volume and temperature of the gas. In any event, there
should be no doubt that the plume rise from the process unit of our proposed
plant exceeds the plume rises from process units in the original DDP.

The mine vent in the original DDP was not reported to contain sulfur dioxide
and was not considered in the modeling presented in support of the original
DDP. In our present analysis, however, we have considered the mine vent.
In this case, we have used a momentum or jet plume rise with an exit velocity
of 30 meters per second. This yields a plume rise of 186 meters when the
mean wind speed is 2 meters per second. This plume rise is, like the others,
greater than the plume rises calculated for the original DDP.

As the mean wind speed increases, the plume rise from the mine vent will decrease
For example, the plume rise for a mean wind speed of 15 meters per second is

25 meters. This is of little consequence in meeting air quality regulations,
however, because the mine vent carries less than 4% of the total sulfur dioxide
emitted by the plant for 24-hour averaging times, which is the critical case.

Control of the major emitter, i.e. the process unit, will be a more significant
factor in achieving air pollution control.

77^^^





Mr. Peter A. Rutledge June 16, 1977

A copy of our calculations is attached

Very truly yours,

C-b SHALE OIL VENTURE

R. E. Thomason
Manager, Leasehold Development

RET:pmr

cc : R. A. Loucks
R. J. Fernandes
A. M. Ruskin
L. C. Bender
G. E. Fosdick
J. J. Hill









RAW SHALE DISPOSAL PLAN

Substantial amounts of raw shale will be produced as part of the Lessee's mining

operation on the Tract. The Lessee has developed a Raw Shale Disposal Plan to

describe the proposed activity, review the applicable Lease terms, laws and re-

gulations, and set forth the Lessee's plan for compliance. In addition to the

plan set forth here, the Lessee has prepared other plans in the DDP and Modified

DDP which discuss special aspects of raw shale disposal. These plans include:

- Air Pollution Control (Section V.A.)
- Water Pollution Control (Section V.B.)
- Protection of Objects of Historic or Scientific Interest and

Aesthetic Values (Section V.D.)
- Rock Handling and Disposal (Section III.C.R.)
- Overburden Mangement (Section V.G.)
- Erosion Control and Rehabilitation Plan (Addition to Modified DDP)

1. Summary of Proposed Activities Affecting Raw Shale Disposal

The disposal of raw shale will commence with the shaft-sinking and mine develop-
ment of the ancillary stage of operation. Material produced during the shaft-
sinking period will be hoisted to the surface, loaded into dump trucks and trans-
ported to the construction area, where it will be crushed to specification of a

construction fill material required for the surface plant site. Material produced

during the development of stations, access ways, service areas, and during the

initial retort development mining will be transported to the 15-foot diameter
shaft, hoisted to the surface, loaded into dump trucks, and transported to selected
sites to be used as fill for Cottonwood Gulch and later Sorghum Gulch.

2. Summary of Lease Requirements, Applicable Law and Regulations and Lessee's
Plan for Control and Compliance

Section 11 of the Stipulations requires that the Lessee shall: backfill and/or
reclaim excavated material and processed shale and compact it thoroughly; design
slope faces of waste piles to insure slope stability; revegetate slope faces and

other areas in accordance with the rehabilitation plan; and comply with numerous
requirements for the restoration of disturbed land. Certain regulations relating
to grading and land restoration are also set forth in 43 CFR, Part 23.

The various considerations in raw shale disposal are discussed in the following
sections: a) raw shale properties; b) production quantities and site selection;
c) disposal procedures; d) water diversion and control; and e) stabilization and
rehabil itation.

a) Raw Shale Properties

Raw shale texture is expected to vary from silt and clay to gravel and
larger. In the mine the material, as run from mining and feeder breakers,
will be approximately 8 inches or finer. Because of expected segregation
from settling during movement on conveyors and trucks, no accurate particle
size distribution can be estimated. Also, dust control measures will affect

this estimate. A rough estimate of particle size distribution for mine run

raw shale is:

Larger than 1/4 inch 62%





Very coarse sand 26$

Coarse to medium sand 6%

Fine sand 3%

Silt and clay 3%

Chemical analyses indicate the following properties:

pH - High but similar to native soils

Saturation percentage - low, typical of sands and gravels

Electrical conductivity - moderate salts present

Sodium - high

Nitrate-nitrogen - low

Ammonia-nitrogen - present, but not enough for satisfactory plant growth

Boron - high
Carbonate and bicarbonate - high

Calcium and magnesium - low
Exchangeable potassium - high

Available phosphorous - low

Fluorine - high

The main problem associated with raw shale is the coarse texture and there-

fore poor water-holding capacity. However, with the planned covering of

the disposal pile with 18 inches of plant growth medium; the coarse texture and

nutrient deficiencies - existing chemical properties should not greatly

affect the reclamation program.

b) Production Quantities and Site Selection

Raw shale produced during mine development will be placed as fill in Cotton-
wood Gulch. Fill will begin at the south end and proceed to the north. Cotton-

wood has a capacity of approximately 106,300,000 cubic yards of fill up to an

elevation of 6900 feet. This will contain the raw shale produced during the

ancillary phase of development and will extend approximately 3.6 years beyond
the start of full scale in situ retorting on September 1, 1982.

Sorghum Gulch filled to 6900 feet elevation has a capacity for approximately
11.6 years of production allowing for dam water storage and drainage systems.

The combined capacity of both Cottonwood and Sorghum Gulches will accommodate
production from the first 20 years of operations. Other minor and major
gulches on the Tract, including Stewart and Scandard, have capacity to accom-
modate an additional 40 years of full production.

Several alternates to the use of Stewart and Scandard Gulches are also
available. One is to continue to fill above the general elevation of the

site in several localized areas as proposed in the DDP. At the same average
land usage of 1,100 acres and 336,000 tons/acre described in the DDP, about
30 years of production of this plant capacity is available. These piles
would be from 100 to 200 feet above the surrounding terrain.
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Another potential alternate would be to return the shale underground to the

voids in the retort panels after the panels are exhausted. It seems reason-

able that within the 22-year period before Cottonwood and Sorghum Gulches

are filled, detailed techniques for returning this material underground will

be developed. The shale would be in a form that could be transported and

placed as a slurry using circulating water as a vehicle, most of which could

be recovered from each cycle.

Besides the advantage of returning the material underground, this method
would reduce the need for much of the revegetation required for surface
disposal of shale. It would also eliminate the requirement for continuous
water application during revegetation activity.

During commerical operation, mined shale will be transported to the surface
through the production shaft. This material will be transferred onto a

covered belt conveyor system, moved to selected areas in Cottonwood Gulch
and spread over these sites by a conveyor placement system.

Before any fill is started, soils in fill areas will be stripped and saved
for later use as a plant-growth medium to facilitate revegetation.

The quantitites of mined-out raw shale on a daily basis will be 41,000 tons

vs 66,000 tons of spent shale in the DDP. This reduction will also facilitate
placement and revegetation.

Dust-control methods will be applied throughout the handling and placement
of the mined-out shale. Since this material is fairly coarse, there will

be less demand for initial water than equal quantities of above-ground retort
spent shale. The mined-out raw shale will be placed in such a manner that it

may be reclaimed for further processing, if economics indicate this to be

feasible.

c) Disposal Pile Construction Procedures

1

.

General

Raw shale is brought to the surface in the course of forming in situ
retorts. It is desirable to store or dispose of the shale in a disposal
pile configuration that resembles the surrounding landscape.

The proposed above-the-ground raw shale disposal system will consist of

the following:

- Raw shale receiving and surge storage
- Raw shale conveying to the land fill areas
- Shale spreading and leveling over the fill
- Auxiliary equipment to control the environmental impact

2. Raw Shale Receiving and Surge Storage

Raw shale from underground is brought to the surface by means of two
skip hoists operating inside the production shaft. The above-the-ground
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system starts receiving the raw shale discharged by the skips into two

surge bins. Shale will be reclaimed from each bin by a 72" wide apron

feeder; each feeder in turn feeding onto a 48" wide, 500 feet long belt

conveyor. The conveying system peak load is estimated to be 3,500 STPH

and the system design capacity is 4,000 STPH. The average load is

approximately 2,900 STPH; therefore the conveyors will be only 73%

loaded to insure against spillages.

The two 48" belt conveyors run parallel due east and discharge into a

single 1,000 S.T. live capacity surface surge bin.

The conveyor system will occupy a strip of land approximately 30 feet
wide and will include an adjacent service road. Construction of the

road and conveyor will require excavating for the road and building
a ground support base for the conveyor. The service road will be used
to maintain the conveyor and to remove any spillage which may occur.

3. Raw Shale Conveying To the First Land Fill Area

Cottonwood Gulch

Reclaim from the surface surge bin will be by two 72" apron feeders,
feeding onto a single 54" wide, 1,200 feet long belt conveyor, due east,
ending at transfer tower No. 1, and discharging through a splitter-
gate-controlled bifurcated chute. Transfer tower No. 1 is located on

the west side ridge of Cottonwood Gulch.

4. Shale Spreading Over the First Fill Area

Cottonwood Gulch

The bifurcated chute allows discharge onto either of two skid-mounted
shiftable belt conveyors, each 54" wide, 3,500 feet long. One conveyor
is originally due north, and the other due south along the Cottonwood
Gulch west side ridge.

The top soil will be removed from the fill area by mobile scrapers
before the start of the filling operation, and stored on the west side
of the shiftable conveyors.

Each shiftable conveyor will discharge through its own self-propelled
rail-mounted travelling tripper onto a self-propelled portable truss
conveyor, spreading the shale along the fill side (east side) of the

shiftable belt conveyors.

While the north shiftable conveyor is spreading the shale, the south
conveyor is being shifted radially, pivoting around transfer tower
No. 1, by means of a side-boom pipe-layer type bulldozer, and alter-
natively when the south conveyor is spreading, the north conveyor will

be shifted. The two conveyors will be gradually "fanning" into the

middle of the fill area.

Leveling will be done by wheel -mounted scrapers and bulldozers. The
frequency at which the two shiftable belt conveyors will be moved will

vary depending on the depth of the valley being filled at each position,
but after each shifting, top soil from the heap will be spread over the
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filled area to allow for reveoetation.

After 8.6 years of operation, the two shif table conveyors will have

"fanned" into the middle of the fill area, and 106,300,00 cubic yards

of raw shale will cover Cottonwood Gulch up to an elevation of 6,900
feet, which is below the highest elevation in the area of the gulches.

5. Raw Shale Conveying to the Second Land Fill Area

Sorghum Gulch

After filling Cottonwood Gulch, the bifurcated chute at transfer tower

No. 1 will be moved to transfer tower No. 2, which will be installed on

the west side ridge of Sorghum Gulch. A new 54" wide belt conveyor

will be installed to convey the raw shale from transfer tower No. 1

to transfer tower No. 2. The two 54" shiftable belt conveyors will be

reinstalled due north and south from transfer tower No. 2, along the

west side of Sorghum Gulch.

6. Shale Spreading Over the Second Fill Area

Sorghum Gulch

Top soil removal, raw shale spreading and leveling, and revegetation
will be done in a manner similar to that explained for Cottonwood Gulch.

After 6.2 years of operation, the two shiftable conveyors will have
"fanned" into the middle of the fill area, and 76,600,000 cubic yards
of raw shale will cover the southern portion of Sorghum Gulch up to an

elevation of 6,900 feet.

If the northern portion of. Sorghum Gulch is further used as fill area,
another 5.4 years of filling operation are available.

7. The spreading of the shale in the land fill areas will be performed
in such a way as not to disturb the natural drainage pattern of the area.

8. Auxiliary Equipment to Control Environmental Impact

Dust collection will be provided in the production shaft loadout station.

It is expected that the material will have 3% to 5% free moisture (intra-
granular moisture) which, in normal conditions, should not create dust
on streamline conveyor to conveyor continuous transfers. The conveyor
transfers will be made in fully covered chutes with loading skirt-boards,
and rubber curtains to contain the small amount of dust that may be

liberated at the material transfer points.

A dust suppression spray system will be provided at ewery transfer
point, manually controlled to operate only when it is required.

9. After the first 20 years of operation, other methods or fill areas

will be required.

Placement of raw shale will require precise timing and control of the

placement sequence. The relatively narrow valley bottoms and areas





adjacent to exposed, slopes piovide limited working spaces. Placement

activity cannot be entirely localized in such restricted areas, so it

will be spread out to permit adequate equipment working space. In any

one year, a maximum of 100 acres will be created for rehabilitation.

If necessary to control fugitive dust, half the area will be planted

in the spring and the other half in the fall. See table below:

Disposal Pile Surface Areas Created by Year (Acres)

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

15 20 75 100 100

Usable soil and overburden materials will be removed ahead of filling

and stockpiled for reuse in reclamation. This removal will be done as

embankment height increases and will proceed concurrently with filling

operations. Overburden materials will be removed and placed directly
on completed surfaces to minimize stockpiling and multiple handling.

Stockpiles will be built upstream of the fill if space permits, but

not on the plateau or ridges (Section V: G., Overburden Mangement Plan).

Backfilling the mine with raw or processed shale is a potential method

of reducing the amount of shale disposed of on the surface. However,

according to present plans, at least initially the raw shale will be

placed on the surface of the Tract until the feasibility of surface
retorting is further defined.

The configuration of the pile will incorporate guidelines mentioned in

the Fish and Wildlife Plan and the Erosion Control and Rehabilitation
Plan: 1) slopes will be limited to a 4:1 angle; 2) the raw shale and

cover material will be placed and graded to resemble the varied landforms
surrounding the dumpsite. Variation in landform and therefore vegetation
is an important wildlife goal.

d) Water Diversion and Control

The potential for pollution of surface and subsurface waters from rainfall
and snowmelt through runoff, percolation and leaching is recognized and is

being studied. Other studies have evaluated: the balance between precipi-
tation, evaporation, runoff and plant usage; the implications of pile saturation
and percolation; the potential for leaching various inorganic salts and heavy
metals from processed shale; and the effects of freeze-thaw cycles on the

surface of the pile. The pollution potential exists because surface runoff
could contain suspended solids, concentrations of dissolved solids (primarily
the sulfate salts of sodium, potassium, calcium and magnesium) and trace
quantities of other elements.

Laboratory and field studies have examined the relative leaching character-
istics of the native soil, raw shale and processed shale. From the study of

these tests and because of limited water penetration, it is expected that no

leachate will be produced except at the edges of the pile where shale thick-
ness is less than five feet. Further leaching tests on raw shale are under-
way to investigate the leaching potential and to relate this to field conditions
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The horizontal benches on the front slope of the embankment will slope toward

the embankment at a 10% slope, leading to downslope drainage flumes which will

convey the runoff down and away from the embankment. The benches will contain
a sealed invert to convey the water while retarding erosion. The drainage
system will be designed for the 100-year flood and will be installed so as

to produce minimal damage to the embankment if design flows are exceeded.
Drainage flumes will be 3 to 4 feet in width, depending upon the area drained.
Larger-size or duplicate flumes will be installed to route runoff from the top

of the embankment and surrounding watershed along the interface between the

lateral shale and natural surfaces. This will minimize erosion and preclude
excessive infiltration at the interface.

The exact location and number of flumes will depend upon the shape and surface
area of the embankment face. Spacing will be approximately 400 feet between
downslope flumes. Drainage will be toward the outside limits of the embankment,
where central flumes will join the outside ones. Transition sections and
energy dissipators will be installed as required near the top of the embankment.
Small settling basins will be constructed to remove the suspended solids from
the main flow to the catchment basin. These will be cleaned periodically
as necessary.

Because the emplacement of raw shale will take place in a step-by-step manner,
it is envisioned that the revegetation program will also proceed by phases.
A further description of the revegetation phases and procedures is given in
Section V. K. , Erosion Control and Rehabilitation Plan.

e) Stabilization and Rehabilitation

The procedures described in Section V. K. will be utilized throughout the
raw shale disposal activities to insure compliance with environmental criteria
and controls required by the Lease.
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FISH AND WILDLIFE PLAN

Developed in cooperation with:

D.O.W. -Department of Wildlife

B.L.M.. -Bureau of Land Management'

A.O.S.S.O. -Area Oil Shale Supervisors Office





FISH AMU WILDLIFE PLAN
(HABITAT MANAGEMENT PLAN)

The C-b Lease Tract was acquired April 1, 1974. The lease grants exclusive

right to mine and process oil shale from the approximately 5094 acres

contained in the Tract. Lease requirements of data information on the

Tract has been previously submitted to the A0SS0. (Quarterly Data Reports

and Summary Reports for yearly quarters ending November. 1974 and February, ,

May, August and November, 1975). This habitat management plan will use

the information from the Quarterly and Summary reports as the basic base-

line environmental data. This plan spells out what habitat losses will

occur and mitigation efforts needed either to replace in kind or to

improve alternative habitat for selected species of animals. The plan is

to be used for planning within the C-b Venture and for coordination with
government agencies. This plan is a dynamic document, which will be

updated and revised as new management direction and information becomes
available. Because this plan was developed in cooperation with the D.O.W.,
B.L.M. and A.O.S.S.O. Any revisions will be developed among the original

cooperators and in coordination with the Regional Piceance Basin Habitat
Management Plan, with final approval of the A.O.S.S.O.

1. Description of Lease Tract

A complete description of the existing environment is given in Annual

S ummary and Trends Repor t (November , 1974 throu gh October, 197 5) of the
environmental baseline report. Additional information is contained in the
Quarterly and Summary Reports. Pertinent parts are summarized here for
continuity of this plan.

A. Topography

Topography has considerable variation in landform. The rounded
ridges in the center of the tract are bissected by shallow V-shaped
drainages. Two, larger, U-shaped drainages bissect the tract on

the east and west edge of the tract. The sides of these drainages
are generally steep and rim rocked. The rimrock is the outcropping
of the Uinta sandstone formation which overlies (1000-1300 feet) the oil

shal e (marl stone)

.

Drainages run generally south to north with an elevation drop from
7.100 to 6,400 feet. Piceance Creek flows east to west, one-half
mile north of the tract.

The Roan Plateau cliffs mark the southern boundary of the basin
approximately fifteen miles to the south, and serve as the head
water for drainages tributary to Piceance Creek.

B. Vegetation (Flora)

1. Pinyon-Juniper Woodlands (P-J)

Pinyon-juniper woodlands are the most common and widespread vegeta-
tion type on the lease tract and surrounding area. The pinyon-juniper
is classified as mature, with most stands over 100 years old. Most
of the woodlands on the tract have poorly developed herb and shrub





layers. Dominant understory shrubs consist primarily of sagebrush,

service berry, bitterbrush and mountain mahogany. Herb understory
is mainly western wheatgrass and fleabane with Indian rice grass on'

the drier, shallower soils. (See Table 1 for species composition.)

Productivity of the P-J vegetation type is the lowest of any type

on the tract, 240 lbs. /acre. (See Table 2.)

i

'

2. Chained Pinyon-Juniper

Chained pinyon-juniper appears to be a shrubland with many fallen

trees. Since chaining in 1966, -the pinyons and junipers have made
some recovery (130 pines per acre and 105 junipers per acre).

Chaining was mostly restricted to ridges and gentle hillsides.

The dominant species include big sagebrush, bitterbrush, and saplings
of pinyon pine and Utah juniper. Three perennial grass species
are common: Indian ricegrass, squirreltail grass and western
wheatgrass. Cheatgrass, goosefoot and tansy mustard are the main
annual species.

The chained rangelands constitute ecologically unstable communities.
Successional ranges have been in progress since 1966, but may take
100-200 years for the rangeland to return to a woodland vegetation.
(See Table 3 for species composition.)

Vegetative production in the chained pinyon-juniper averages 460
pounds per acre (Table 2). Production in the chained rangelands
shows the greatest variation of any of the vegetation types and is

the second most productive in terms of herbage standing crop.

This type receives the heaviest grazing use due to its high pro-
ductivity, variation and palatability of the vegetation. Generally
deer use the edges, approximately the first 100 yards from the P-J
type, but cattle use the entire type.

3. Valley Sagebrush

Valley sagebrush is widely distributed throughout the Piceance
Basin, depending on soil salt concentration; the alluvial fans and
valleys support big sagebrush (intermediate salt levels), greasewood
(Higher salt concentrations) and rabbitbrush on areas which have
apparently been disturbed, probably by fire. The stream trenches
support narrow bands of lush semi-aquatic vegetation, and the flat
floodplains originally supported Great Basin wild rye communities.
Remnants of this original pattern of vegetation can still be found
along the upper reaches of Piceance Creek near Rio Blanco store.
Cheatgrass, western wheatgrass, goosefoot and stickseed are also
found in this vegetation type. (See Table 4.)

Productivity ranges from 275-7800 pounds per acre, and is mostly
from the shrubs. The lower figure (275) represents herb layer

production, and the higher figure represents herb and shrub standing

crop. (See Table 2). Highest production was in big sagebrush where

there was not only yearly increase in plant weight, but also very

high sagebrush densities which characterize this vegetation type.
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Most of the grazing on the Villey Sagebrush areas is in the spring,

when the cattle are moving to the high country, and in the fall when

they are returning. The greasewood sub-type on Piceance Creek

receives heavy grazing in the winter. This use is the result of

cattle concentrating there to be fed hay rather than palatability

of the shrubs.

4.| Upland Sagebrush

Upland sagebrush communities occur on broad ridgetops and in clear-

ings within the Pinyon-Juniper woodlands. This community type

usually does not develop on steeply sloping sites. Big sagebrush is

the dominant species with other shrubs relatively unimportant.

Saplings of pinyon pine and juniper commonly occur, prickly pear is •

scattered. Western wheatgrass ,
junegrass, long-leaved phlox, false

dandelion and mariposa lily are common herbs in this vegetation
type (See Table 5)

.

Total productivity averages 560 pounds per acre in mid-July. Next

to the chained rangeland sites, these communities have the greatest
herb-layer production; (300 pounds per acre). Shrub production in

the upland sagebrush communities was much less than in the bottomland
communities (250 pounds per acre vs. 7500 pounds per acre). But,

because the Valley Sagebrush type is low in palatability, seasonal
(most of the herb layer species are annuals which are green only in

May-June); and over grown (dense stands of Sagebrush over six foot
tall), the upland sagebrush type produces more useable forage for

wildlife and domestic livestock. (See Table 2)

C. Fish and Wildlife (fauna)

Table 6 lists the more abundant mammals found on the tract.

1 . Large mammal

s

Approximately 200 deer have wintered on the lease tract during the
last two years. Deer pellet-groups established that as many as 600
deer use the tract for short periods of time, mainly when the deer
are moving to summer range and back to winter range. Some deer

occupy the tract and surrounding area from approximately October
through May, depending on climatic conditions.

Cattle are released to graze in the hay meadows in early spring; as

the growing season progresses, the cattle move away from the hay

meadows, pass through Tract C-b (May) and summer at higher elevations
south of the tract. As winter approaches, the cattle move down from

the summer range (October), pass through Tract C-b and utilize the

hay meadows extensively. The P-L Ranch runs cattle on the Piceance
Mountain allotment. Approximately 590 A.U.M.s can be run on the

tract, and additonal federal land (1000 acres) for a month in the

spring and fall. Productivity measurements for the herbaceous layer

indicate very light grazing rates by cattle on Tract. Also, outside

studies have shown that where dual use of summer-early fall range
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by cattle and deer occurs, Cittle consume grass and grasslike plants »'

in abundance while grasses are insignificant in the diet of mule
deer (Locaas 1958; Wilkins 1957; Dasek 1975). In these areas of

dual usage, forbs were the most important item in the muledeer diet
(Reynolds 1960). '

It; appears that the present pattern of use precludes large numbers
of! deer and cattle from occupying Tract C-b simultaneously. However, ,

dual usage of vegetation types does occur for a limited period during
March, April and October when both species utilize hay meadows in

Piceance and Willow Creek valleys outside the Tract C-b boundary.
The meadows and south-facing slopes along Piceance Creek are the
most critical and limiting habitat in severe winters for deer.

Habitat improvements in these areas will benefit the deer population
greatly.

Elk occasionally occur within the boundaries of Tract C-b as evidenced
by tracks and fecal pellets. An unknown number of elk are reported
to have spent at least part of the winter (February, 1975) within
theone-mile surrounding zone. Elk were sometimes observed at higher
elevations to the south of the Tract.

There have been no sightings or evidence of black bear, mountain
lion or feral horses within the T ract C-b study area.

2. Medium- si zed Mammals

Medium-sized mammals identified within the study area include the

desert cottontail, coyotes, bobcat, badger, raccoon, striped skunk,
porcupine, white-tail jackrabbit, muskrat and beaver. Desert
cottontails are ecologically important because they are a major
prey species. Marked yearly changes in density probably occur
in the Tract areas. Such fluctuations have the potential of influencing
the population of bobcats, coyotes, and some raptorial birds. Cottontails
are most abundant in the Valley Sagebrush type, and because rimrock
is in close association, these two habitat types are of special
significance. The rimrock areas are important to bobcats and several
species of raptors as den sites, nesting areas and hunting areas.
Coyotes are common in the Tract area, and occur in most habitat types.
Surveys and field observations indicate an abundance of coyotes in

the Tract vicinity.

3. Small Mammals

Small mammals on the Tract are represented by shrews, ground squirrels,
chipmunks, gophers, wood rats, mice and moles.

4. Reptiles and Amphibians

Table 7 lists the reptiles and amphibians observed on the Tract.
Lizards were studied because of their abundance and presumable
importance in the biological system. Other reptiles and amphibians

were observed and noted.

-4-





5. Avifauna

Birds are very numerous in the area during the summer in all habitat
types. A listing of birds occuring on the Tract is listed in Table 8,

Birds are most common from May to October. By late November, most
summer residents and migratory species had left the Tract region,

and more winter residents had appeared. Many of the wintering
species fed and rested in loosely organized flocks which appeared
to move over large portions of the Tract and to feed in a variety .

of different habitats. Waterfowl observations were limited mainly
to the Oldland Road Pond and the P-L Ranch Pond.

Raptorial birds include the vultures, hawks, eagles, falcons and

owls. Red- tailed hawk and American kestrel dre the most common
raptors. Golden Eagle and American kestrel are permanent residents
in the area. Locations of all raptor nests encountered were mapped
and rechecked for occupancy. Night road transects were traversed
to assess owl activity. Pellets and casts were collected from

nesting, roosting and feeding sites used by birds of prey.

6. Fish

Piceance Creek is generally characterized by a meandering stream
channel, fluctuating flows, high levels of dissolved solids, high
turbidity, silted rock and gravel substrates, and infrequent pool

and shelter areas for fish. These factors make much of the habitat
unsuitable for large gamefish populations. In the vicinity of the

Tract, Piceance Creek supports higher populations of fish than are
found in Stewart Creek and Willow Creek. These are primarily
mountain sucker, speckled dace and brook trout. A few rainbow
trout have been collected in the middle reaches of Piceance Creek.
The Tract is crossed on the west by Willow Creek and Middle Stewart
on the east; length of these permanent streams on the Tract is less
than a quarter of a mile. Neither of these streams had fishing use
during the last two years.

7. Arthropods

A list of arthropods, data on seasonal abundance and distribution
are reported in quarterly reports.

8. Endangered or Threatened Species

It is possible that the two subspecies of the endangered peregrine
falcon ( Falco Peregrinus var. Falco Pere grinus var. tundrius )

occasionally inhabit the area, but no sightings have been documented
to date. The nationally threatened prairie falcon (Fa lco mexicanus )

has been sighted once near the Tract. None of these three species
of falcons is believed to nest inside the Tract boundaries. The
greater sandhill crane (state endangered) has been observed in the

Tract vicinity during migration, but none has been seen during the

breeding period. The spotted bat (threatened), the black-footed
ferret, Colorado sauawfish, humpback chub and pharanagat bonytail
(all nationally endangered), and the gray wolf, river otter and





wolverine (state endangered), are species of the general region,

but none has been reported in the near vicinity of the Tract. More

significantly, the Tract is not good potential habitat for any of

these species, and could only be considered fair habitat for the

prairie falcon and American peregrine falcon. l

2. Proposed Action
i

A. Description

A complete description of the proposed action is given in Section III

of the Modified Detailed Development Plan (February 1977). A summary

of those actions that will affect the surface habitat follows:

The development of the commercial modified in-situ facilities is

represented on the Commerical Development Schedule, Table 9. The

Tract C-b development program will extend from September 1, 1977,

starting with site preparation, to September 1982, when the mine

and surface facilities will be capable of full-scale production.

Site preparation and preconstruction will begin in September, 1977

and continue while shaft sinking mobilization is underway.

Of the four major shafts, the first to be completed will be a

15-foot diameter shaft 500 feet from the northern property boundary.

This shaft will perform a dual service during the development period.

First, it will serve as a temporary production shaft until the main
34-foot diameter production shaft becomes available, and later it

will serve as a ventilation-escape shaft for the mine. An ancillary
facility will be constructed in the vicinity of the 15-foot diameter
shaft. This facility will permit the lessee to establish the en-

vironmental monitoring procedures, to obtain operating experience
for processing a cluster of retorts, and to provide a site for the

training of mine and processing personnel. Later this ancillary
facility will be incorporated into the full-scale facility systems.

The construction of the ancillary facility will begin in April of

1979. The first retorts will be prepared and ready for processing
by May of 1980. During this period the main development and con-
struction of the mine, the oil/gas processing and general facilities
on the surface, and development of additional retort clusters will

continue. By September, 1982, the first eight retort clusters in

the initial panel will be kindled. Over the next 12 months, additional
clusters will be brought on line until full design production
capacity is reached.

While the shaft-sinking operations are being mobilized, certain site
preparation and preconstruction activities will proceed. These will

include preparation or extension of service roads, construction of

water storage to receive underground water from initial dewatering
operations, necessary grading for temporary construction facilities,
fencing, etc.

The ancillary surface facilities will be located at three sites (see
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Map 1). A total of 14 acre< will be required for these sites. Vlhen r

no longer needed, this area will be revegetated in accordance with

specific plans outlined in Section V.K. of the DDP.

The ancillary surface facilities will be expanded during the processing

of initial retorts in order to process the first retort clusters and

will cover approximately 59 acres. At this time, the 34-foot shafts
' wiill be completed, and these facilities will be connected with the

,

first modules of the full-scale facilities.

The raw shale produced during the mine development will be transported

by a conveyor system to Cottonwood Gulch. The raw shale will be

placed as a fill starting from the south end and proceeding north.

Sorghum Gulch will be the major raw shale disposal area for commercial

development. See Map 2 which shows the location of all facilities

from initial construction in 1977 through commercial production.

The disposal of raw shale will have the greatest effect on surface
habitat of all proposed developments. It will temporarily destroy
approximately 1500 acres of existing habitat. See Table 10 for acres
of habitat lost by type and the estimated productivity lost.

A starter dam will be constructed in Sorghum Gulch to provide for

impounding water during the early stages of development. Check dams
will be built below disposal areas and heavy construction areas to

prevent heavy sedimentation of streams. (See Erosion Control Plan
in DDP V. K.j

3. Estimated Effects of Action

Deer use on approximately one third of the Tract will be disturbed by
construction of surface facilities and the disposal pile. The areas
disturbed by construction of the surface facilities are located in one
small chained area and in a large block of chained pinyon-juniper. (See
Map 2). The presence of the facilities coupled with the constant presence
of people may cause deer to use other areas. Baseline data suggests that
approximately 40 deer that use the proposed facilities areas may be

displaced (25.7 deer-days/acre divided by 216 days equals .123 deer/acre
multiplied by 500 estimated acres equals 6.2 deer per year affected.
See Annual Summary and Trends Report through October 197 5 for more details.

Construction of the dam in Sorghum Gulch will not affect deer to a large
degree if construction is done during the summer when the deer are
generally at higher elevations. The Cottonwood impoundment and Sorgham
Dam (less than 20 acres) will hold water which is expected to be of good
enough duality that it can be used by wildlife and domestic stock. However,
if water tests indicate poorer water quality than expected, the areas will
be enclosed by a wildlife-proof fence.

The main road will impede some east/west deer movement through the

pinyon-juniper type north of the tract. The main impact will be through

deer hit by vehicles while crossing the road. Indirect consequences of

development of the Tract are increased hunting pressure, poaching, trail

biking and snowmobi 1 ing.
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Disposal of raw shale in Sorghum Gulch and Cottonwood Gulch will have the

major impact on deer and wildlife in general. The fringe of pinyon-

juniper along these drainages serve as travel corridors for deer moving

to and from Piceance Creek during migration. It is estimated from the

baseline data that approximately 185 deer will be forced to a different

ridge during migration (.123 deer/acre multiplied by 1500 acres equals
185). In a severe winter, the disposal site is located near the upper

limit o'f deer winter range.

An estimated 235 A.U.M.s will be lost for livestock use during development

At the current grazing price, this represents a loss of approximately

$355.00 to the B.L.M. Most of this loss will be spring-fall grazing when

the livestock are moving through the Tract.
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Mitigation

A. Habitat Conversion

The planned mitigation is based on assumed plant-animal responses
and normal weather patterns. If these assumptions change or are
found to be different, the mitigation measures may have to be altered
to meet the changed conditions. The environmental monitoring plan
describes methods to be used to verify success of mitigation. At
this time, the following is our planned course of action..

The main thrust for mitigative measures will be to provide alter-
native habitat for wildlife displaced by the activities of Tract
C-b by increased production of off-tract areas to the north of the
Tract across Piceance Creek. These south-facing slopes are extremely
important to wintering mule deer, and they lie within a known deer
concentration area. Habitat improvements outlined in the Piceance
Creek H.M.P. will also be of mitigative value. These are: Piceance
Creek Willow Planting, 1/2 mile stream for trout; Stewart Brush
Beating and Seeding, 75 acres for elk, deer and cattle. The priority
given these projects are low for the Piceance Basin, but with develop-
ment of Tract C-b, these projects would have high priority. Funding
these projects, or direct involvement in carrying them out are planned.
As with improvements to the north of the Tract, H.M.P. Projects will
have to be studied in cooperation with the B.L.M. , D.O.W., A.O.S.S.O.
and the lessee for ranking as to priority and amount necessary for
mitigation. When the B.L.M. completes the Piceance Mountain Manage-
ment Plan, Tract C-b can provide more detailed information. Cooperative
management plans will compliment each other.

-8-





Habitat improvements for the area north of the Tract will be those

which various governmental agencies recommend as important. Potential

chained areas will be broken into small irregular blocks of 40 acres

or less to simulate natural parks. Habitat improvements will be

goal oriented toward increased browse for deer and forage for live-

stock to the extent that at least the estimated loss of habitat for

150 deer and 235 A.U.M.s cattle are mitigated. Critical early spring

deer habitat near Piceance Creek and south-facing slopes above

Piceance Creek are recognized as highly important planning areas. .

A small dam in Scandard and one in West Stewart are planned to pro-

vide early summer and fall water for wildlife and domestic stock.

Quantities of water for impoundment are not expected to be large

enough for use as permanent water impoundments.

An alternative to the areas north of the Tract are approximately 1500

acres of pinyon-juniper suitable for chaining between Willow Creek

and Jimmy Gulch. Also, it may be necessary to fertilize chained
areas around the Tract to increase forage production and pal atabi 1 i ty.

Fertilization may be a rapid method to improve habitat, where
chaining and spraying return benefits over a longer term.

Alternatives to sagebrush modification projects listed from the

Piceance Creek H.M.P. are on Tract areas in Scandard and West Stewart.

Also larger areas are found south of the Tract.

Mitigative measures will be scheduled to produce the mitigative
benefit in coordination with development of the Tract. Most of the
mitigative measures will be accomplished in the first five years of

the project.

Reduction in cattle A.U.M.s may be mitigated to some degree by
Sagebrush modification, but it would be desirable to improve the

habitat of the drainages north of the Tract. A large sagebrush
greaswood flat exists on Piceance Creek north of the Tract, which is

suitable for improvement. The flat is on deeded land. Agreement will

have to be reached with the land owners. The area should be cleared
of brush and seeded to a highly productive wheatgrass. If no water
was available, a dry land pasture would be much more productive than
the existing vegetation. The early green feed will also benefit the

deer.

In chained areas, the debris left will provide cover for small

mammals. Small mammals preferring pinyon-juniper will be reduced at

the expense of those preferring grass and brush types. Rabbits will

benefit by the chaining and sagebrush modification. Scattered small
islands of pinyon-juniper will be left in chained areas to reduce
the impact on birds preferring tree types for nesting.

B. Habitat Restoration

The Erosion Control and Revegetation Plan discusses contouring and
revegetation of the new shale pile and other disturbed areas. This
plan will address itself solely with the type of vegetation desired
on the raw shale pile. It is not desirable to plant the entire raw
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shale pile with the same vegetation mixture. The purpose is to

create different vegetative types and thus maximize both vegetative

production and edge effect.

Vegetation type will be planned for as follows: The south slopes

will be planned for a grassland type using adapted native and intro-

duced species. This will provide the early green feed that is

heavily used by deer.

West Slopes will be revegetated with a mixture of grasses and shrub

types that are adapted to the site. Saltbrush species and other

more drought-tolerant shrubs will be emphasized. The north and east

slopes will emphasize the more desirable shrubs such as bitterbrush
and mountain mahogany which will provide winter feed of good quality.

The level top will emphasize cool season grasses and desirable shrubs.

The emphasis will vary depending whether the aspect is northerly or

southerly.

Tree species such as pinyon-juniper will be planted over the whole

area in general in such a manner that the other vegetation types form

pockets within the P-J type. The purpose is to provide travel lanes

for wildlife moving between types. This will mean fingers of P-J

running over the raw shale pile.

These fingers should be 100-200' minimum width. The idea is to have

them dense enough that vision is blocked when viewed from the side.

It it is possible to see clear through the finger, it will not provide
enough cover to be used by wildlife for travel lanes.

Erosion control darns will be left as water impoundments for wildlife
use.

If deer-car collisions become a problem, a cooperative venture will

be started with the Division of Wildlife. The use of deer
fencing, underpasses, and other feasible methods will be considered.
The exact method or methods used to solve the deer-car collision
problem will be determined at that time.

C. Publ ic Access

The public will be allowed unrestricted access on the Tract with the
exception of production areas. Access across Piceance Creek will be

determined by the owner of that right-of-way. All surface production
facilities will be fenced and access restricted. Areas where machinery
is operating on the disposal pile will also be restricted. No vehicle
traffic will be allowed on the ore disposal pile where revegetation
is underway. Company personnel will have to comply with company. State
and Federal wildlife regulations. Notice will be posted of all

applicable laws and regulations governing hunting, fishing and trapping
Also harassment of wildlife, excessive land disturbance or, in general,
actions which detrimentally effect the environment will be policed
careful ly

.
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5. Summary

This plan was devised as a cooperative venture among the A.O.S.S.O., B.L.M.
,

D.O.W. , and landowners affected. It is designed to supplement their plans
while at the same time, reducing the impact on the Tract habitat and fauna. 1

After completion of each phase of the project, target animal response will

be monitored to insure the desired results are obtained. If the desired
result lis not obtained, we will, in cooperation with the other agencies, i

attempt to determine the cause and amend the plan to incorporate the changed
situation and goals. If unexpected circumstances or changes arise, the

A.O.S.S.O. will be notified for approval of any changes in the original
plans 60 days prior to action on the matter.
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Table 1

PINY0N-JUN1 PER TYPE

SPECIES

Trees [(Sapl ings)

Juniperus osteosperma
Pinus edulis

Shrubs

Amelan chier aln i fol ia

Artemisia tridentata
Chrysothamnus nauseosus

Herbs

Agoseris glauca
Agropyron sm ithii

Anten nari a ro sea

Arabis holboellii
Astra g alus p urshii

Astragalus ken trophyta
B romus tectorum
Calochortus nuttal 1 i i

Carex pe nsyl vanica
Che nopodium a l bum
Col "Musi a pa ru if bra

Collomia umbe l lata

Cymopterus mo n tanus
Descurainia pinnata
Erigeron s p.

Festuca brac h

y

phyl la

Koelena gl a c i 1 i

s

Lappula redow skii
L o

m

atium ori e n tal e^

Oryzopsis hymerToldes

Ph 1 ox hoodii
Phlox J_on^j_fojj_a_

Poa fendle riana
Spha eralcea odc cinea
Stephan omeri a tenui folia
S tipa comata

Utah juniper
Pinyon pine

Service berry
Big sagebrush
Rubber rabbitbrush

PERCENT FREQUENCY

Fal se dandel ion 44

Western v;heatgrass 74

Pussy toes 44

Rock cress 30

Pursh-locoweed 2

Kentrophyta milk vetch 34

Cheatgrass 8

Sego lily 12

Sedge 34

Goosefoot 22

Blue eyed ma ry 10

Phlox 36
Cymopterus 20
Tansy mustard 8

Fleabane daisy 48
Sheep fescue 52

Junegrass 43

Stick seed 8

Wild parsley 8

Indian rice grass 8

Moss phlox 52

Long leafed phlox 66
Mutton grass 20
Copper mal low 20
Wire lettuce 14

Needl egrass 34
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Table 3

CHAINED PINYON-JUNIPER TYPE

SPECIES

Trees '(sapl ing)

RELATIVE FREQUENCY

Ju niperus o steosperma
Pinus edulis

Utah juniper
Pinyon pine

Shrubs

Amelanchier al ni fol ia

Artemisia tir identata
Chrysothamnus nauseosus
Gutierrezia sarothrae

Herbs

Serviceberry
Big sagebrush

Rubber rabbitbrush
Snakeweed

4

8

10

12

Agoseris glauca
Agropyron desertorum
Agropyron smithii
Antennaria rosea
Arabis holboellii
Bromus tectorum
Carex pensylvanica
Chenopodium al bum
Collinsia paruiflora
Cryptantha sp.

Descurainia pinnata
Erigeron sp.

Festuca brachyphylla
Gayophytum ramoci ssiumum
Haplopappus nuttallii
Koel eria graci 1 is

Lappula redowskii
Microsteri s micrantha
Oryzopsis lymenoides
Phlox hoodii

Poa sp.

Sitanion longifolium
Stipa comata
Taraxacum officinale

Fal se dandel ion 6

Crested wheatgrass 36

Western wheatgrass 18

Pussy toes 8

Rock cress 20

Cheat grass 88
Sedge 18

Goosefoot 84

Blue eyed mary 10
Little cryptantha 12

Tansy mustard 24

Showy fleabane daisy 20

Sheep fescue 6

Groundsmoke 8
Goldenweed 8

June grass 20

Stickseed 24

Microsteri s 8

Indian rice grass 38
Moss phlox 16

Mutton grass 32

Squirrel tai

1

40
Needle grass 8

Common dandel ion 12





Tabic. 4

BOTTOMLAND SAGEBRUSH

SPECIES

Shrubs1

Artemisia tridentata

Chrysothamnus nauseosus
Sarcobatas vermiculatu s

Symphoricarpos orephilus

Herbs

Agropyron smithii
Ag ropy ron trachycaul urn

Androsace sep tentri onal i

s

Artem i sia ludouicia na

Bouteloua g racilis
Bromus tectorum
Chenopodium sp .

Descurainia pi nna ta

Capp ula redowskii
Lepidium mon ta num
Oryzopsis hymenoides
Poa sp.

Salsola k ali

Sphaeralc ea coccinea
S porobolu s c ryptandrus
S tipa comata

Big sagebrush
Rubber rabbi tbrush
Greasewood
Snowberry

Western wheatgrass
SI ender wheatgrass
Rock primrose
Prairie sage
Blue grama
Cheatgrass
Goosefoot
Tansy mustard
Stickseed
Mountain Peppergrass
Indian rice grass
Bluegrass
Tumbl eweed
Copper mal low
Sand dropseed
Needle-grass

54

5

15

2

70

10

5

65

20

100

55

15

40

40

5

25

5

25

40

80





Table 5

UPLAND SAGEBRUSH

SPECIES PERCENT FREQUENCY

Shrubs'

Amelanchier a Ini folia
Artemisia tride ntata

Chrysothamnus V

i

scidei f lorus

Opuntia polyacantha
Symphoricarpos oreophilus

Herbs

Agoseris glauca
Agro pyron smithii

Al 1 ium ac uminat um
Arabis holboellii
Astragolus pectinatus
A. purshii

A. scopulorum
Balsamorhiza sagittata
Calochortus nuttallii
Carex pensylvanica
Castilleja chromosa
Chenopodium album
Collinsia paruiflora
Collinsia linearis
Comandra umbel lata

Crepis acuminatus
Eriogonum umbellatum

Festuca bra e hyp

h

yl la
Hedysarum bore al

e

Koeleria gra e

i

l is

Lomati um grayi
Lupinus argenteu s

Microsteri s m icrantha
Phlox long ifolia
"Phy sa ria flo r i bund a

Pol ygonum sawatchense
Spha eralcea coccinea
Stipa comata
Tri folium gyinnocarpon

Service berry
Sagebrush

Douglas rabbitbrush
Starvation cactus
Snowberry

5

85

60
10

5

Fal se dandel ion 20

VJestern Whealarass 100
Wild onion 15

Rock cress 20

Narrowleaf poison vetch 10

Pursh-1 ocoweed 15

milk vetch 30
Arrowleaf balsam root 15

Sego lily 35

sedge 45

Indian paintbrush 55

Goosefoot 25

Blue eyed mary 85

Blue eyed mary 40

Bastard toadflax 30

Hawksbeard 80

Sulphur flowered
buckwheat

Sheep festuca 75

Northern sweet broom 10

Junegrass 100

Gray's lomatium 30
Lupine 25

Microsteri s 90
Long leaf phlox 100
Twin pod 75

Knotweed 95

Copper mal low 40
Needl e-grass 65

Clover 95





Tabie 6

MAMMALS

Scientific Name Common Name

Cam's latrans

Ci tell us lateralis
Cittelus richardsonii
Erethizon dorsatum
Eutamias minimus
Eutamias quadri vi ttatus
Eutamias umbrinus
Laqurus crutatus
Lepus townsendii
Lynx rufus

Mephitis mephitis
Microtus montanus
Microtus pennsyl vanicus
Mustela erminea
Mustela frenata
Neotoma cinerea
Odocoileus hemionus
Ondatra zibethicus
Perognathus apache
Peromyscus maniculatus
Peromyscus truei

Procyon lotor
Sorex cinerea
Sorex vagrans
Sylvilagus audubonii
Thomonys talpoides
Zapus princeps

Coyote
Golden-mantled ground squirrel
Richardson's ground squirrel
Porcupine
Least chipmunk
Colorado chipmunk
Uinta chipmunk
Sagebrush vole
White-tailed jack rabbit
Bobcat
Striped skunk
Montana vole
Meadow vole

E rm i n e

Long-tailed weasel
Bush-tailed wood rat

Mule deer
Muskrat
Apache pocket mouse
Deer mouse
Pinyon mouse
Raccoon
Masked shrew
Vagrant shrew
Desert cottontail
Northern pocket gopher
Western jumping mouse





Tabic 7

REPTILES AND AMPHIBIANS

Scientific Name

AMBYSTOMIDAE

Ambystoma tigrinum utahensi s

Common Name

Utah tiger salamander

RANIDAE

Rana pipiens Leopard frog

IGUANIDAE

Phrynosoma douqlassi
Sceloporus graciosus
Sceloporus un dul atus
Urosaurus ornatus

Short-horned lizard
Sagebrush lizard
Eastern fence lizard
Tree lizard

^ COLUBRIDAE

Thamnophis elegans Western terrestrial garter snake
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Table 10

ESTIMATED VEGETATION TYPES DISTURBED (ACRES)

Bottoml and Upland Chained
ij _S a y_e_b rus h__ Sacjeb r ush

_
_P_i nyo

n

-Juniper P i uyon-Junipcr (

Mine Development

Cottonwood Gulch
Mined rock fill area

Impoundment pond

Road Construction
Tract access

In-Si tu Gas
Treatment Facil i ties

'

Mine Production

Disposal Area
Dam site

Shale Storage

[ Aina ted

jl by Type

11

30

11 110

310

20

46'

mc

30

B0

1

471

530

r^

TOTAL ACRES 456
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EROSION CONTROL AND REHABILITATION PLAN

I. General Introduction and Summary

A. Introduction

The development of the Tract will result in the disturbance of

approximately 1500 to 2000 acres of vegetation, soil and rock. This

plan discusses the areas which will be disturbed; reviews the applicable

Lease terms for controlling these activities; and details the lessee's

plan to comply with the Lease terms and other applicable regulations.

Included as an integral part of this plan is a program for surface

rehabilitation and a discussion of the work which demonstrates the

technology for revegetation of disturbed areas.

In addition to the plan described here, the lessee has prepared other
plans which discusss certain aspects of erosion control and surface
rehabilitation. The plans are:

Water Pollution Control

- Overburden Management

Raw Shale Storage

- Oil and Hazardous Materials Spill Contingency Plan

B. Summary of Development Activity

The Tract C-b development program will extend from September 1, 1977,
starting with site preparation to September, 1982, when the mine and

surface facilities will be capable of full-scale production. Over the
life of the project, approximately 1500 to 2000 acres of land will be

disturbed (See Table 1 )

.

While the ancillary facilities are being mobilized, certain site prepara-
tion and pre-construction activities will proceed. These will include
preparation or extension of service roads, construction of water storage
to receive underground water from initial dewatering operations, necessary
grading for temporary construction facilities, fencing, etc. Facilities,
a storage pond and road construction will disturb approximately 80 acres.
Disposal of raw shale will disturb approximately 300 acres.

For the commercial phase of operation, an in-situ gas treatment facility
will disturb another 75 acres, and the mine and service areas will require
30 acres. Raw shale storage will disturb an average of 100 acres per
year after the forth year (See Table 2 for vegetation types disturbed).

C. Summary of Lease Requirements

Section 11 of the Stipulations provides requirements for rehabilitating
and stabilizing disturbed lands. Section 11 (B) of the Stipulations





!/.' > c

ra r- i i

5 -j

r-t p cr
re o «<

n -<
I J o o
U 1 +) CO

J '

o

> •- c c
M C m L/) D
P CO O r-t r~>

rf w. q c
-, -

1 n
p —
o

Mine

Production

and

Service

Shaft

Area

In

Si

tu

Gas

Treatment

Facilities

—

—1

Uuad

Construct

i
on

Tract

Access

S
e
r

vice

3 — • r-t

O t-*- O 3
C •— Cl- y
3 — o
a. ps o

> o c
-a -j n
O O 7T C75

3 to C
P. —

r.

r. x ir.
-

P r-t ;; r
j. r, —

' -t
— U ~l ~— 3 ' - C

-r, n <
O O r-t O OPC —
n 3 t/i *r) O
"-! Q 13' p T3
r. -j W r> 3
r3 c> -t, -• o
r» rt r* — 3

r.

<-t

( -t

-

r;

o O-J CO l/i Ol Ol 'JO I j P

i- O I O 1 en
.u
-U

1 J
On O

Ol P

1—

'

-J On
Ol 1 J

en
• J

o
-U P

O co
o

tn P

~ o

oo o
^J P

o
o

o
o

C
00 P

oo oc
o

CO P

§
o — o

C/i

o

-<
P o
M P

<-t -J
1 J c

O '

—

l

Ul
CT
-P

1 J

O O Ol
OJ
o

«0 Ln
CO OJ

OJ

4- O
O) OJ CO

*". '<. r-t

.--• P
r-t I—

'

CO

CD





r Table 2

ESTIMATED VEGETATION TYPES DISTURBED (ACRES)

Bottomland Upland Chained
Sagebrush Sagebrush Pinyon-Juniper Pinyon-Juniper \

Mine Development 14

Cottonwood Gulch
Mined rock fill area 310

Impoundment pond 4

Road Construction
Tract access 11 5 20 30

In-Situ Gas

Treatment Facilities 75

Mine Production . 30

Disposal Area

Dam site 25

^*£»hale Storage 461 471

I

Lima ted

Total by Type 11 110 805 530

n

TOTAL ACRES 1456





requires that the lessee submit an Erosion Control and Surface Rehabilita-

tion Plan as part of any exploration or development plan. Sections 11

(C) and (J) of the Stipulations also require the lessee to ultimately

leave all disturbed areas in stabilized, revegetated condition, consistent

with environmental conditions at the time baseline data was gathered.

In addition, Section 11 (L) (3) of the Stipulations requires that the

lessee demonstrate at the time of submission of the DDP that revegetation
technology is available to enable reestabl ishment of permanent vegetation
of a quality to support fauna in the same kinds and same numbers as

existed at the time the baseline data was obtained, or that technology
will be developed in ten years. This plan is intended to meet all of

these requirements.

This plan addresses all methods of erosion control which may be utilized
in connection with the Tract development, including construction pro-

cedures, operating procedures and revegetation of disturbed areas. It

is divided into a section dealing with all aspects of erosion control
other than revegetation, and another section on surface rehabilitation
and demonstration of revegetation technology. In addition to this plan,

many aspects of the planned development activity which have significant
erosion control features are discussed elsewhere in the DDP.

II. Erosion Control Plan

Methodology - same as that described in DDP. Page VI 81 -1 92

III. Surface Rehabilitation Plan, Including Demonstration of Technology
for Revegetation

A. Introduction

Revegetation of disturbed areas is both an erosion control technique
and a means of enhancing forage, wildlife, aesthetic and other values.
This plan contains both the methods to be used in revegetation of disturbed
areas, including raw shale, and a demonstration of the technology which
is available for revegetation.

B. Demonstrated Technology

Numerous studies have shown that semi arid foothills have moderate to

high probability for revegetation success. Examples for foothill zone
of the Rocky Mountains with 12-14 inches of precipitation:

"past history of rangeland seeding has shown that satisfactory
revegetation can be accomplished if the best methods are practiced."
(National Academy of Sciences, Rehabili tat i o n P o ten t ia 1 of J\l_e_s t er n C oal

Lands , 1974.)

"Average annual precipitation usually should be more than 9

inches where artificial seeding is part of the restoration program."
(Plummer, A. P., Restoring Big Game Range in Utah).

2-





"areas that have more than 16 inches of annual precipitation

have the best potentials for rehabilitation; those areas that have less

than 1? inches have the poorest potentials." (Rehabilitation Potentials'

and Limitation s of Surface-Mine d Land in the Northern Great Plains , Packer,

Paul E., 197^T

Revegeta tion Gui delines For Surface Mined Areas_, by C. Wayne

Cook, Rj. M.~Hyde and P. L. Sims, puts the rehabilitation problem in i

perspective. "Moisture is the limiting factor in successful rehabili-

tation of lands disturbed by mining and exploration for coal, oil shale

and uranium in the Western states."

In summary, with the additional water we plan to supply, the rehabilitation

potential should be classified as high. Also, with just natural precipi-

tation, there are good local examples of successful revegetation:

(1) A disturbed surface soil plot was seeded in the fall of

1972 and 1973 on the western boundary of Tract C-b by researchers

from C.S.U. and funded by Colorado Dept. of Natural Resources.
This planting indicates many suitable species for a Tract C-b

revegetation program.

(2) Evaluation for successful ness of the 1975 revegetation
efforts on drill pads and soil test trenches in and around
the disposal and proposed disturbed areas for Tract C-b have

been good to excellent.

C. Description of Goals and Activity

It is the intent of the C-b Shale Oil Project to rehabilitate lands
disturbed during the development of oil shale resources on the Tract in

a manner consistent with good ecological practices, economic feasibility
and practical land use considerations. To accomplish these goals, a

revegetation plan has been developed to:

stabilize and control erosion on disturbed surfaces by

using proven plant materials

support animal populations at least as extensive as those
presently on the Tract

coordinate the natural processes of ecosystem recovery
which occur independent of man by using the best available
management practices.

The guidelines presented in this plan are intended as a general format
within which specific procedures can be developed. This format, will /
apply in general to the two type s of revegetation which arc important on>W^*^
the Tract: J) t he re-esTaol i shment of plant cover on sites disturbed jf/u*^&vu
during the exploration and development phases of the project; and 2) o^a^f
vegetation of raw shale after the mining and retorting operation begfrfs. Jx^ca^

The first will be an immediate need; the second is a long-term project.

Major types of sites requiring revegetation of disturbed soils include

-3-





abandoned drill pads, access road,, mine and plant sites, support facilities,

diversion systems and other cleared support sites. A detailed description

of these activities can be found in Sections II and III of the Modified

DDP. The size of areas to be disturbed has been previously described.

(See Table 1). The revegetation of these sites will follow conventional

techniques. All techniques used will be evaluated to determine their

suitability in establishing vegetation for the support of existing animal

populations. Aesthetics will also be considered.

This plan addresses the overall approach and strategies selected to meet

the criteria stated above. Revegetation activities fall into two major

categories: 1) planning and design; and 2) implementation. The

planning and design category includes the formulation of planting techniques,

development of methods for evaluation of site success, and the integration

of baseline data and other pertinent information into initial plans and

later program modifications.

The implementation category includes site preparation, planting, maintenance,

and the evaluation of site success.

Responsibl ity for planning, design and implementation will be shared by

the staff and field personnel who design the plan specifics; integrate

the plans with other management plans, the baseline studies and current

data; and coordinate the activities with the AOSS and the Bureau of Land

Management (BLM); and finally, implement and evaluate the Surface Rehabilita-

tion Plan.

D. Revegetation of Disturbed Areas Other than Raw Shale

The rehabilitation of sites disturbed during exploration and development
will be initiated before development begins and will continue through the

developmental period. Areas disturbed by activities other than those
relating to the disposal of mine and development wastes will be rehabilita-
ted by procedures discussed in this portion of the Surface Rehabilitation
Plan. This portion of the plan provides for biological erosion control
on disturbed sites through the rapid establishment of vegetation. It also .

allows for the eventual reestabl i shment of native vegetation through the

use of careful selected seed varieties and planting methods. The generalized
procedures presented here are meant to act as a basis for the development
of more specific plans immediately prior to any specific revegetation
activity. Specific planting plans will be developed after a physical
evaluation of each site, and will follow the general procedures outlined
below, modified as required by any relevant baseline data.

(1) Timing Revegetation of disturbed areas will be controlled generally
by the~acTivity schedules outlined in Sections II and III. Once an

activity has been completed, a site-specific revegetation plan will be

prepared and carried out as promptly as possible. In most cases, the timing
of seeding may be critical. Thus limited delays may occur in waiting
for the appropriate planting season. In all cases, revegetation will

occur within oneyearof completion of an activity and generally much sooner.

(2) Techniques and Material

s

Guidelines will be followed in the

preparation of the site-specific plans which will be used for each area
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requiring revegetation. An example of a planting plan for a disturbed

site is shown in Table 3. Tables 4 and 5 and the following discussions

present the guideline plans for revegetating disturbed areas on the Tract.

They are subject to change as new technology, information and experience

become available.

(a,) Seed Selection Q

Seed mixtures will be developed according to topography , ^soi 1 moisture
.

and adjacent vegetation, and will incorporate information regarding

previous vegetation. Table 6 lists those species which have been

successfully established in various habitats found in the Piceance

Creek basin. The listed plant species are available from a number

of commercial seed and plant material growers in the Western United

States. Among these are three companies in Colorado and others in

Utah, Kansas and Idaho. The suggested species for specific vegetation

are discussed below.

Agricultu ral A reas: Pasture and hay lands in the Piceance Creek
valley and tributary drainages should be easily revegetated. These

sites will be seeded with species such as timothy (Phi eum pratense )

,

alfalfa (
Medicago sativ a) and wheatgrasses (Agro pyron intermedium ,

A. sibiricum and A. trichpphorum ) . Other species such as sweetvetch
^Hedysarum boreale ) and yellow sweet clover ( Melilotus officinalis )

would also be suitable for these areas.

Bottomland Sagebrush Community: In order to establish initial ground
cover in these communities, several species of wheatgrass (Agropyron
sibiricum, A . intermedium, A. smi thi i , and A. T richpphorum ) would be

suitable. Other species of grasses and forbs "[herbaceous plants
which are not grasslike) to be used will include needle and thread
(Stipa comata) , sweetvetch (Hedysarum boreale), fleabane (Erigeron

spp .) mariposa lilly ( Calochortus spp.~)~and scarlet globemallow

XSp haeralcea coccinea). Shrub species will also be considered
for use in these sites. Species might include big sagebrush

( Artemi sia trid entata) , rabbitbrush (Chrysothamnus nauseosus ) and

winterfat "[Cera toides la nata).

Plateau Sagebrush Community : Wheatgrasses will also provide a rapid
initial cover on these sites (see above, bottomland sagebrush community).
Additional grass species, including June grass

(
Koeleria gracilis),

Indian ricegrass (Oryz opsis hymenoid es) and needle and thread
(S tipa comata ) would be suitable for these sites. Several shrub
species will be considered either for initial seeding or as trans-
plants in a follow-up operation. Species would include big sagebrush
( Artemj sia__tr_identata) and rabbitbrush ( Chrysothamnus nauseous ).

Forb species which might be included in seed mixtures include
mariposa lily (Calochortus spp. ) , Fremont's penstemon ( Pens temcm
freemont i i ) , scarlet globemallow (Sphaeralcea coc cinea ), milk vetch

^Astragalus spp. ) and sweetvetch (Hedysarum boreale ).

Cha ined Pinyon-J uniper Community: Grasses which will be selected for
use in seed mixtures on chained sites will include pubescent wheatgrass
(Agropyron trichophorum ) , intermediate wheatgrass (A. i ntermed ium),
Indian ricegrass ( Oryzopsis hymenoides ), June grass (Koeleria gracilis),





western wheatgrass (Aoropyron smithi i), and slender wheatgrass

(A. trachycaulum ). Forb species would include Freemont's penstemon

( Penstemon" freemontii ), swee'. vetch (Hedysarum boreale) , and milk

vetch (Astragalus spp. ).

Bunchgrass Community: Revegetation of these dry sites will be

difficult because of low moisture and relatively unstable soil.

Th'e most suitable grasses are Indian ricegrass (Oryzopsis hymenoides ) , ,

bluebunch wheatgrass ( Agropyron spicatum) , western~wheatgrass

( A. smithii ),. and needle and thread (Stipa comata). Two low- growing

sage species suitable for these sites are sagewort (Ar temesisa

ludovici ana ) and pasture sage (A. frig ida ). Forbs such as sulphur

flower ( Erio g onum umbel latum ) would do well if "set out" during

follow-up activities.

Pinyon-Juniper Community: The understory vegetation in these wood-

lands is variable. On those sites where the understory is poorly
developed it will be best to either seed or transplant the tree

species pinyon pine (Pinus edul is) and juniper (Juniperus osteo-
mosperma) and/or (J. scopulorum). If this is prohibitive, some
improvement of the site to prepare it. for natural tree seed invasion
might be provided by maintenance, fertilization of sites and mulching
with slash material. Grass species which can be used on these
sites for initial vegetation cover would include wheatgrasses
(Agrophyro n smithii , A. intermedium , A. trichop horum ) , Indian rice-
grass (Oryzopsis hymenoides ) and June grass (Ko elera i gracilis) .

Shrub species for these sites for initial vegetation cover would
include mountain mahogany

( Cercocarp us montanu s), serviceberry
(Amel anchier alnifolia ), snowberry (Symphoricarpo s oreophi lus) and

bitterbrush ( Purshia tridentata ). Pinyon-juniper sites with well

developed understory vegetation adjacent to them should be seeded
with the grass and shrub species listed above.

Mix ed Mountain Shr u b Community: Mixed mountain s

located on moist soils and should not be difficul
They will, however, require a relatively long per
reestabl ishment of shrubby vegetation, and should
shrub seed and/or transplants. Grasses suitable
include western wheatgrass

( Agropyron smithii )
, i

grass (A. intermedium ), pubescent wheatgrass
-

(A_._

bluegrasses (Po a "pratensis and P. am pul a ) and Ind
(Oryzopsis hymenoides^ Shrubs should include Ga
ambel

i

) , mountain mahogany (Cercocarpus montanus
Purshia triden tata) , s n ow b e r ry (Symphoric arpos o

servicebe rry (Ame]_a n chier alnif ol ia)

( Clematis spp
.
l~ni i g h t also be used.

(b) Fertilizer

Restoration of vegetation is more easily and rapidly achieved by
increasing soil fertility. Soil sampling to determine fertility
will help define fertilization needs (Section XII on Soil Productivity)

Fertilizer applications should be well timed. Available nitrogen

Forbs such

hrub stands are
t to revegetate.
iod of time for

be planted with
for initial cover
ntermediate wheat-
t ricopho rum)
ian ricegrass
mbel ' s oak (Quercus

) , bitterbrush
reophi 1 us ) and

as virgin's bower
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in nitrate form should be applied in the spring. Fertilization

during the early summer following seeding will produce good results.

Fertilization can make annuel weeds very competitive - so, it has

to be used carefully.

(c) Mulch Selection

Acceptable mulching materials include excelsior blanket, jute mesh,

wood fiber and native hay or straw. Also, an annual cover crop can

be used as a temporary mulch. All types will act to retain soil

moisture in an arid climate. Each has disadvantages and advantages

of its own: excelsior blanket tends to decrease soil temperature;

jute mesh tends to increase soil temperature because of lack of

shading. Both are fire retardant and weed free, though jute is not

easily applied to rocky terrain. Wood fiber is costly, subject to

wind damage, and can cause seeds to become caught above .ground. On

the other hand, it is easily applied to steep slopes and is fire

resistant. Native hay or straw is fire prone, but is the most

versatile mulch. It combine', the advantages of moisture retention,

a balanced heat regime, and an additional source of native seed.

Hay and straw, however, often contain a high percentage of weedy

annuals which are undesirable because they may compete too strongly
with the permanent-successional species. The annual cover crop has

the advantages of other mulches, but can produce annual competitive
growth. Thechoiceof mulch depends on the characteristics of the

individual sites. The suggested types are native hay or straw and

excelsior.

(d) Seedbed Preparation

An important feature in vegetation is microclimate. Microclimate
effects can be obtained by using small terraces and furrows. These
will provide protection from the sun's drying effects, will produce
locally moist areas, and will also retard erosion caused by runoff.

(e) Seeding and Mulching Operations

Seeding can be accomplished by the use of a hand seeder, or by

hydroseeding or drilling. Drilling seed helps seed germination
where soil moisture is deficient. Hand seeding is the most time
consuming and laborious method, but has shown good results in a

variety of areas. Hydroseeding is a time-saving method which also
provides an initial application of water that can help germination.
However, the application of water in the wrong season (i.e., early
fall), will cause late germination and young plants not capable of
surviving the winter. Irrigation of plantings should be done early
in the growing season to aid the establishment of seedlings. If

hydroseeding and mulching (wood fiber mulch) are to be used together,
the seed should be applied first, followed by mulch. If it is

desirable to apply both in one operation, the pure live seed amount
should be doubled since a certain amount of seed is likely to become
hung up in the mulch instead of reaching the soil. Seeding rates
will vary between sites (north slopes less seed than south slopes)
and with different planting methods. Broadcast seeding rates are
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double the drilled rate. Applications of between 10 pounds and 30

pounds per acre (depending on the planting method) should result in

good stands.

(f) Planting Time

The best time for planting in the Piceance Creek Basin is late in

the growing season, past the period for seed germination (September-
,

November), since this enables the seedlings to become established .

early in the next growing season when soil moisture is less of a

limiting factor. Construction times should be coordinated to co-

incide with favorable planting times where possible. Spring planting,

in April and May, may also be feasible.

(f) Invasions

Several plant species are known to be highly competitive in the

Tract area and can be expected to invade and establish themselves

in the replanted stands. The strongest of these is cheatgrass

( Brom u s tectorum ). Cheatgrass is a hardy, winter annual known for

its ability to compete successfully with native perennials. Though

an invader, it also has the rare ability to establish itself permanently
in cl imax vegetation.

Native species also can be expected to invade the plantings. Sagebrush

(
Artemisia spp .) is known to dominate in disturbed areas, but there

is no clear 'Successional pattern here, and changes in the herbaceous
understory are just as likely with invaders such as cheatgrass
(Bromus tectorum), wheatgrass

(
Agropyron sp p. ) and needle and thread

( St i pa s p. ) . Other common invaders are Russian thistle ( Sal sol a

kali), snakeweed ( Gutier rez ia sa rothrae), pigweed (Amaranthus al_b_us_),

peppergrass (Lepidium pe rforl iatum ) , tansy mustard "(Descurai nia

pinna ta) , tumble weed (Koch ia scoparia ), tumble mustard~~( Si symbrium
al ti ssimum ) and goosefoot ( Chenopodium al bum )

.

( h) Fertil i ty Testing

Excavated materials which are not to be treated as fill will be

tested for fertility. Based on these tests, an evaluation will be

made for possible use of this material as topsoil like material for
revegetation.

(i) Use of Existing Vegetation

All existing vegetation removed during construction will be evaluated
for possible reuse. Such uses might include: 1) transplant stock,
either by removal of individual plants or removal of sods; and 2)

cover material, using stumps, fallen timber and slash, either in

whole form or chipped and spread, as mulch. In addition, for
aesthetic reasons and to minimize erosion, every effort will- be made
to preserve existing vegetation.

(j) Evaluation and Followup

Field personnel in charge of the revegetation project will periodically
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evaluate species success and plot condition. Evaluation of each

site will be made at least once each season after planting. These

evaluations will continue until it can be determined that the sites

are becoming permanently established.

The most reasonable and practicable way to determine whether or not

a given area will support animal populations is to test the available

forage on the site by using standard vegetation sampling methods.

To determine whether a site is self-perpetuating or becoming self-

perpetuating, the evaluation methods will be coupled with vegetation

sampling and with information on successional trends gathered during

the baseline data collection period. Many years are required for an

area of vegetation to complete succession and become dynamically

established. The trends toward this dynamic condition, however, may

appear early in the sequence of events.

Sites subject to either periodic or unexpected one-time disturbances

will be treated to maintain a vegetation cover.

(k) Alternatives to Revegetation

As shown on Figure 4, it becomes difficult to establish vegetation

on slopes greater than 2:1. On areas such as these and on areas
where the subsoil is extremely rocky or compacted, it might be

appropriate to use treatments other than revegetation. The use of

rock cover or the construction of retaining walls are alternate
methods which will stabilize the surface and prevent erosion. Rock-
covered slopes either can be seeded or left unplanted to allow for

natural invasion. The preferred slope angle is 4:1, and wherever
possible this should be the slope angle constructed.

E. Revegetation of the Raw Shale Disposal Pile

The ultimate goals in establishing a permanent vegetative cover on the raw

shale pile are to stabilize embankment slopes and produce a vegetative
cover which will support fauna of the same kinds and in at least the same
numbers as at the time the baseline data was obtained. In addition, the

use of primarily native and naturalized species will lessen the aesthetic
impact of the disposal embankment by blending it with the surrounding
area.

As noted in the Fish and Wildlife Plan, the vegetation will be a mixture
with as much diversity as the site conditions will allow. Trees and

shrubs for cover areas will also make up the planned vegetation composition

(1) M ethod ology The main problem with growing plants on raw shale is

the texture size of the plant growth medium. Water-holding capacity is

very low. The mine run raw shale is rock rubble from blasting and mining.
Initial vegetation studies have shown promise with less than 2 inch soil

cover over raw shale at Logan Wash (one year of data). From this and other
studies of soil covers, an 18 inch soil cover at C-b is proposed. Soil

Survey and Productivity Assessment (see XII in DDP) by the S.C.S. and in-

house consultants indicate the availability of at least 18 inches of plant

growth material. The shallowest soil Redcreek-Rentsac complex has an
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effective rooting depth of 10 to :-0 inches and the deepest Forelle loam

has an effective rooting depth of 60 inches.

A demonstration plot using this proposed depth of cover is planned for

construction in late 1977. The plot will be built at either Logan Wash

or C-b, depending on availability of raw shale. C-b would be the most

logical, on-site demonstration.
I

A supplemental irrigation water system will be designed to produce a rapid-

germinating cover despite weather extremes. See table below:

Revegetation Water

Year New Acres Cum Acres

2 15 15

3 20 35

4 75 95

5 100 175

6 100 200

7 100 200

8 100 200

9 100 200

10 100 200

Required Acre
Foot of Water

15

27.5
85

137.5
150

150
150

150

150

Water Requirement:

1 st year
2nd year

1 .0 Ac. Ft.

.5 Ac. Ft.

Revegetation water requirement hits its peak acreage in Year 6 with:

100 Ac. 1 .0 Ac. Ft.) -,r n Ar Ft
100 Ac. (? .5 Ac. Ft.)

"

With 1.5 acre foot of supplemental irrigation water available in the first
two years, the reclamation potential should be high if other proper reclama-
tion methods are employed (time of seeding, protection of new growth, species

selection) .

The revegetation plan will use species native to the Piceance Creek Basin as

much as possible. Naturalized species which have proven desirable for revege-
tation and/or forage will also be used (i.e. intermediate, pubescent and

fairway crested wheatgrass, Russian wildrye). See Table 7 for proposed species
palatability and suitability. Also Table 8 shows a tentative species list
for Sorghum Gulch.

Fertilization will be based on soil tests of the area planned for reclamation.
If any of the seventeen nutrients are at deficient levels in the soil, an

application of suitable fertilizer will be applied.

(2) Tjmetable The reclamation program will progress as follows:
After the initial grading, shaping, and contouring of the raw shale
disposal embankment, fine textured material which are wastes, will be

deposited onto the disposal surface. Wastes (fine-textured mineral material)
are expected at the end of the conveyor systems, mine sump ponds, impoundment
ponds and erosion control ponds. Organic material from chipped vegetation
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and the sewage treatment system will b

as soil tests indicate a need. Then a

.(plant growth medium) will be spread o

an above-ground sprinkler system will

grasses and forb species which have gi

demonstration plots will be drilled or

the plot, watered and nurtured until a

areas is established. Table 7 lists d

of some of the species used in studies
that certain mixtures of grass, forbs,
mixture* for revegetation of disturbed
list of species for the Tract raw shal

e mixed with the plant growth medium
n eighteen inch native soil cover

ver t ha surface of the embankment, and
be installed. Seeds of the various
ven good results in the revegetatipn
broadcast, depending on the size of

cover compatible with the surrounding
ata on the performance and palatability
to date. Past studies have indicated
shrubs and trees provide the best

soils. Table 8 contains a tentative i

e di sposal -area.

The revegetation timetable and step-by-step methods to be followed are

Year 1

Year 2

disposal of raw shale and creation of permanent surfaces
contouring and shaping
cover with at least 18 inches of native soil

fertilization of the surface as soil tests indicate,
and add organic material, e.g., sewage sludge, sawdust,
ground garbage, etc. and soil micro organisms.
drill the seed into the plant growth medium
apply mulch
irrigate with 1 acre-foot of water for germination
and establishment during growing season

fertilize lightly (less than 50N) if necessary
transplant shrubs and trees
irrigate with .5 acre-foot to assist plant establishment
remove irrigation system after growing season
evaluate.

Yea r 3

"(Life of

project) - evaluate

It is anticipated that the stability and self-sustaining capabilities
of the planned vegetation will be high if a proper mixture of native
plants (which have been in the Piceance Creek Basin for hundreds of
years and are therefore suited to this area), naturalized species, and
exotic species (which have been proven to grow very well on disturbed
soils) are established on the raw shale pile.

Vegetative mixtures are preferable to revegetation with a single species.
If one species in a mixture does poorly because of an unfavorable site
condition or is killed by rodents, insects or disease, one or more of
the others may take its place. Another advantage of mixtures is that
some species will develop stands quickly to supply forage, while the
slower-developing species become established. Mixtures also produce
vegetation with more varied, and often higher, food value. Plants will
be chosen which best supplement native ranges. A variety of species like
those in the proposed species list will also provide shelter as well as
food for the fauna of the area.

The construction of the raw shale pile is discussed in Section V. H.

The schedule shows that in Years 1 through 5 after start-up, 110 acres
would require revegetation. After Year 5, 100 acres would be revegetated
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per year. See Table 1 for estimated surface disturbances.

New information obtained from the continuing studies will make it possible

to improve methods and to minimize the effort needed to maintain the most

suitable vegetation cover. Continued evaluation of the most suitable

species and management practices will tend to improve success. Management

and monitoring of established vegetation, for example excluding livestock

and wilidlife from the area being vegetated during the initial establishment _i

phase to reduce stress on the vegetation being established, is also very

important.

In the preparation procedures, it will be necessary to remove the native

vegetation and usable soil and talus material from the raw shale disposal

area in Sorghum Gulch. Native soil and talus will be removed and stock- •

piled and maintained for later use as a soil cover for the embankment.

Stockpiles which are to be stored for periods exceeding one year will be

temporarily vegetated as part of the maintenance program. This stockpiling
action will conserve a natural resource (soil) which would be buried if

not used. Existing vegetation which is not suitable for transplanting
onto the embankment surface may be mixed with the native soil and talus

being stockpiled for later use in the revegetation program.

The large areas of the Tract which were chained by the BLM contain large
scattered amounts of dead sage, pinyon pine and juniper. Additional
plant materials also will be knocked down during future clearing operations.
Consideration will be given to utilizing that organic material by grinding,

chipping, or otherwise cutting it into small pieces for use as a vegeta-
tive soil building mulch in revegetation efforts. It should be noted,

however, that such use of brush and vegetation destroys a habitat for

birds, small mammals and other forms of wildlife.

(3) Al ternatives Alternative to the revegetation program, in addition
to the plan described above, are:

- no revegetation program, and, hence, an uncovered raw
shale pile

- use of artificial cover
- establishment of agricultural crops

The first alternative, which involves disposing of the raw shale in a

disposal embankment without cover, is considered undesirable because of

negative effects on the environment (low aesthetic value, and no forage
production)

.

The second alternative, using an artificial cover such as concrete or

asphalt to prevent erosion of a disposal embankment, also is considered
undesirable because of the poor aesthetics of most of the available
materials, both initially and after exposure to the local climate. An
artificial cover would be only temporary and would have the additional
disadvantage of requiring periodic maintenance or replacement.

The third alternative would be to establish agriculture crops. This type
of cover would have the advantages that it could be used by fauna of all

kinds and would have a monetary value. But this would require constant
care and would result in a permanent habitat loss to some animal species.
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Table 3 -- EXAMPLE OF REVEGETATION
SITE PLANTING PLALI

SITE DESCRIPTION AND LOCATION Air Quality-Met Tov;er, Chained Pinyon-Juniper

PLANTING PERIOD Qct - 15 -Nov. 15 Slr ED APPLICATION broa dcast and drill

SEEDBED PREPARATION hand scarification

MULCHING TREATMENT

FERTILIZER __none___

distribute slash

FENCING none REMARKS provide gravelled access to tower and instrument trailer

SPECIES LIST AND RATE

COMMON NAME

Siberian wheatgrass

Intermediate wheatgrass

Western wheatgrass

June grass

Indian ricegrass

Slender wheatgrass

Mountain mahogany

Sncw berry

Sweetvetch

SCIENTIFIC NAME

Agropyron sibiricum

Agropyron intermedium

Agropyron smithii

Koeleria gracilis

Oryzopsis hymenoides

Agropyron trachycaulum

Corcocarpus montanus

Symphoricarpos oreophilus

Hedysarum boreale

VARIETY LBS/ACRE

2

Amur 2

Rosana 2

2

1

1

1/2

1/2

Utah 1/2

TOTAL LBS/ACRE UVz





NES FOR SEED MIXTURES ON DISTURBED AREAS

Species

Agropyron intermedium

(amur) - intermediate

wheatgrass

Agropyron trichophorurn_

pubescent wheatgrass

Bromus marginatus

mountain brome

Agropyron smilhii

(rosana) - western

wheatgrass

Agropyron trachycaulum

slender wheatgrass

Cercocarpus montanus
mountain mahogany

Elyrnus cinereus

Great Basin wildrye

Hedysarurn boreaJe (Utah)

sweetvetch

Koelena gracilis

June grass

Oryzopsis h ymenoides
Indian riceqrass

Purshia tridental

antelope bitterbrush

Slips comata

needle and thread

Symphoricarjnjs qreophilus

snowberry

TOTAL

&.*

? <? / £ G ,,+ / ^ ° <?a. y ' ,!• c. 0/ / J^ a. <*

A
cy ° $ /of o^-

1/2

1/2

2

1

1/2

1

1/2

11 Vi

1/2

1/2

12

1/2

1

1/2

12

1/2

1/2

1

12

1/2

1/2

11

1

1/2

1/2

11

1/2

1

1/2

II
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Table ~ (Continued)

Species

Agropyron intermedium

(arnur) intermediate

wheatgrass

Agropyron sibi/cum

Siberian wheatgrass

Brornus marginatus

mountain brome

Agropyron srrmhii

(rosanaj - western

wheatgrass

Agropyron trachycaulum

slender wheatgrass ,

Cercocarpus montanus
mountain mahogany

Elymus cineieus

Great Basin wildrye

Hedysarum boreaJe (U tah)

sweetvetch

Koe]eria gracilis

June grass

Oryzopsis hymenoides
Indian ncegrass

Purshia tridentata

antelope bitterbrush

Stipa comata "

needle and thread

Symphoncarpiis qreophilus

snowberry

TOTAL

1/2

1/2

11

2

2

1

1/2

1/2

2

1

1/2

11 !i

1/2

1/2

2

1

1/2

1 1 Vi

2

1

1/2

1/2

11

2

2

1

1/2

1/2

2

1

1/2

U!

1/2

1

1

1/2

11

1

1/2

1

1

1/2

1/2

1

1/2

1

11 12
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Table A -(Continued)

Species

Agropyron inl ermedium
(amur) - intermediate

wheatgrass

Agropyron sjbircum

Siberian wheatgrass

Bromus marginatus

mountain brome

Agi opyron smithu_

(rosa na) - western

wheatgrass

Agropyron trnchycaulum

V slender wheatgrass

Ce»cocarpus montanus
mountain mahogany

51XT1

.!!!
cine reus

Great Basin wildrye

Hedysarum boreale (Utah)

sweetvetch

Koeleria gracilis

June grass

Oryzopsis hymenoides

Indian ricegrass

Purshia tridenlata

antelope bitterbrush
'

Stipa coma_ta_

needle and thread

Symphoricarpus oreophilus

snowberry

TOTAL '

1

1/2

1/2

1/2

11'

1

1/2

1/2

2

1

1/2

11 Vi

1

1/2

1/2

11

1/2

1/2

2

1

1/2

U'4

1/2

1/2

2

1

1/2

11

K

1/2

1/2

1/2

ll'/i

1/2

1/2

1/2

1/2

1/2

11V,

1/2

ll'/i





Tabl

Agi-opyron intermedium

(amur) - intermediate

wheatgrass

Agropyron sibircum

Siberian wheatgrass

Brornus marginatus

mountain brorne

Agropyron smithii

(rosana) - western

wheatgrass

AgTopyrqn irachycaulum

slender wheatgTass

Cor cocarpus montanus
mountain mahogany

Elymus cinereous

Great Basin wjdrye

Hedysarurn bore ale (Utah)

sweetvetch

Koelena gracilis

June grass

Oryzopsis hymenoides
Indian ricegrass

Purshia tridentata

antelope bitterbrush

Stipa coma_ta

needle and thread

Symphoricarpus oreophilus

snowberry

TOTAL

1

1/2

1/2

2

1

1/2

l'/2

1/2

1/2

2

1

1/2

11V4

1/2

1/2

2

1/2

.l'/j

1/2

1

1/2

1

12

1

1/2

1/2

2

1

1/2

ll'/j

1/2

1/2

2

1

1/2

ll'/i

1

1/2

1/2

2

1

1/2

1 1 Vi

Ml

1/2

2

1

1/2

Wh





Table 4 "(Continued)

Species^

Agropyron inlermedium
(amurj - intermediate

wheatgTass

Agropyron lnchophorurn_

pubescent wheatgrass

Bromus marginajus

mountain brome

Ajjropyron smithii

(ror,aria)_ - western

wheatgrass

AgTopyrqn Lrachycaukim

slender wheatgrass

Corcocarpus monlanus
mountain mahogany

Elymus cinereus

Great Basin wUdrye

Hedysarum b oteale (Utah)

sweelvetch

Koeleria gracilis

June grass

Oryzopsis hymenoides
Indian ricegrass

Purshia tridentata

antelope bitterbrush

Stipa comata

needle and thread

Symphoncarpus oreophilus

snowberry

TOTAL

1

1/2

1/2

11

1

1/2

1/2

11

1

1/2

1

1

1/2

11

1/2

1/2

1

1/2

1

1

1/2

1/2

1/2

1/2

1/2

2

1

1/2

11':

1/2

1/2

2

1/2

ll'-i
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Table 6 - PLANT SPEC1LS SUITABLE FOR
REVEGETATION OF DISTURBED SITES

GRASSES

Agropyron ejongatum

Agi opyron inter medium (amur)

Agropyron sibiricum

Agropyron smithii (rosana)

Agropyron Lrachycaulum

Agropyron trichophorum
Bromus marginatum

Ely m us cinereus

Koeleria gracilis

Medicago sativa

Oryzopsis hymenoides

Phleum pia tense

Poa pratensis_

Sporobolus a iroides

Stipa comata

(tall wheatgrass)

(intermediate wheatgrass)

(Siberian wheatgrass)

(western wheatgrass)

(slender wheatgrass)

(pubescent wheatgrass)

(mountain brorne)

(Great Basin wildrye)

(June grass)

(alfalfa)

(Indian ricegrass)

(timothy)

(blue grass)

(alkali sacaton)

(needle and thread)

FQRBS

Artemisia frignda

Ai temisia ludoviciana

Astragalus spp.

Calochortus nuttallii

Clematis spp.

Erigeron utahensis

Eriogonum umbellatum

Hedysarum boreale (Utah)

MeliJotus officinalis

Penstemon freemontii

Sphaeralcea coccinea

(pasture sage)

(sagewort)

(milkvetch)

(mariposa lily)

(virgin 's bower)

(fieabane daisy)

(sulphur flower)

(sweetvetch)

(yellow sweet clover)

(Freemont's penstemon)

(scarlet globemallow)

SHRUBS

Amelanchier alnifolia

Artemisia tridentata

Atriplex spp.

Ceratoides lanata

Cercocarpus mpntanus
Chryso_th_a_mnu_s nauseosus

Purshia tridentata

Que r cus cambelii

Sarccbatus vermiculatu s

Symphoricarpos oreophilus

(serviceberry)

(big sagebrush)

(shadscale)

(winterfat)

(mountain mahogany)

(rabbitbrush)

(antelope bitterbrush)

(Gambel's oak)

(qrcasewood)

(snowberry)

TREES

Juniperus osteosperma

Juniperus scopulorum

Pinus edulis

(Utah juniper)

(Rocky Mountain juniper)

(pinyon pine)
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Table 8 TENTATIVE SPECIES LIST FOR SORGHUM GULCH DISPOSAL AREA

Drilled Rate

Species (lbs/acre)

Grass: * Agropyron crista turn - crested wheatgrass 2

* A. elongatum - tall wheatgrass 2

A. spicatum var. inernie - beardless blue bunch wheatgrass 1

A. smithii (rosana) - western wheatgrass 2

A. intermedium (amur) - intermediate wheatgrass 1

* Bromus marginatus - mountain brome 1

* Elymus cinerus - Great Basin wildrye 1

* E. junceas - Russian wildrye 1

Festuca ovina - hard sheep fescue 1
*

Forbs: * Hedysarum boreale (Utah) - Utah sweetvetch 1/2

* Medicago staiva - alfalfa 1

* Melilotus officinalis - yellow sweetclover 2/2

Penstemon sp. - penstemon 1/2
*

Shrubs: + Amelanchier spp. - serviceberry

*+ Artemisia tridentata - big sagebrush 1/2

*

*

Atriplex canescens - four wing salt brush 2

* A. confertifolia - shadscale 1

+ Cercocarpus montanus - mountain mahogany 1/2

* Cowania mexicana - stansberry cliffrose 1/2

* Ceratoides lanata - winterfat 1/2

*+ Purshia tridentata - bitterbrush 1/2

+ Symphoricarpos

oreophilus - snowberry

Trees: + Juniperus osteosperma - Utah juniper

, p:l <?r.::vi • Reeky Mountain juniper- J. s:c:::!;r.:

- r::n:s eciulis pin yon pine

20 1 2

lbs /a ere

* Seed

+ Transplants at approximately 300 per acre placed selectively in aieas of suitability and
need.

Rate based on: Plummer, A. Perry, Donald R. Christensen, and Stephen B. Monson, 1968.
Restoring big game range in Utah. Utah Div. of Fish and Game, Pub. 68-3.












